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Introduction

Turboprop aircraft and propulsion systems were included

in the screening study because of renewed interest in high

speed propeller developments which allow a reexamination of

their merits relative to turbofan.

A modern turboprop, to be Competitive in commercial

transport must be designed for efficient operation at high

subsonic cruise conditions such as .8 Mach/35,000 feet.

Recent studies by propeller manufacturers show that the

application of high speed aerodynamic principles to propeller

design may bring about an 80% propeller efficiency at these

conditions. The turboprop has a natural advantage of higher

propulsive efficiency over a turbofan. In addition, the

turboprop engine cycle and components were selected at

advanced technology levels equal to the turbofan ......

Hamilton Standard Division (HSD) of United Technology

supplied advanced propeller and gear design data during the

screening study. This included efficiency, weight, equisition

cost, maintenance and installation requirements. General

Electric combined this data with a suitable drive engine and

an installation.

In the screening study, a single rotation propeller with

and without advanced weight features and counter rotating

propeller were studied.

In addition, at NASA suggestion a shrouded propeller,

designed from fan principles by General Electric was studied

as a hybrid, super high bypass turbofan.
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5.2.2 Engine Inlet Conditions

In generating the engine cycle data, it was desired to take

into account the effect of propellor supercharging of the engine.

Based on an installation sketch, the engine inlet was found to be

located radially between r/rprop tip = .25 and .35. Using

Figure 5.2.2-i supplied by HSD, an average P/P = 1.023 and T/T = 1.01

across the propellor hub exists. These values were applied to the free

stream total pressure and temperature t0 arrive at conditions at

the engine inlet.

An inlet ram recovery equal to .995 was assumed.

t
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Alt Altitude, ft

M Mach Number

P

W

T

DELTO

Pressure, Psia

Flow, ib/sec

Temperature, OR

To-Tstd day

ETAR

/
_X

SgC_M

Ram Recovery

Bypass Ratio

Spe e_=f__C_ nse_,h_%:-i__6_-_=-. _ANG---MX-_Ib_-_ b

-Pa,.r=L_ally._;ced-Ne_=Thra-_C'_----_b s

. SpeP_if_ _C_O.nSl_np_tion .__/3ase_L_)n_-F_ bl

-Fan _P-hy-_l-_S{_ee d_

F_n -Pbys ica i_ peedT--RP !4

E6NF * }h_n':Corre c teT_:_p_e d _

Q

ETAIC

Dynamic Pressure

Fan Hub + Booster Adiabatic Efficiency

PCNG Core Physic_l Speed, %

NG

PCNG*

Core Physical Speed, RPM

Core Corrected speed, %

WFM Fuel Flow, ib/hr

ETABM Burner Efficiency

TFFC

NRT4

-HP Turbine Flow Function

HP Turbine Corrected Speed

*Indicates a corrected flow
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'I

D}]/T4

TFF2TC

N/RT 54

DH/T54

V

CF

AE

CV

FGG-MX

FD

HP Turbine Energy Function

LP Turbine Flow Function

LP Turbine Corrected Speed

LP Turbine Energy Function

Velocity, ft/sec

Flow Coefficient

Effective Area, in 2

•Velocity coefficient

Mixed Gross Thrust, ib

Ram Drag

MFI2 CYCLE NOMENCLATURE (Con£.)

PC -MX-_M_-x {__et-i_ eriess

,/
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NASA-USTE_LEC/T.P4_CYCLE.(T.UB.B.QPROP CORE CYC.LE_
_0/20/75
RESISED TO SIMULATE A PROPELL.E_R LNFRONT OF T__BOOSTER

r y

,,)

¢

0

',...___CA__sE....... !_,09...... 2.,o0

ALT 3500_, _5_00# 3_OOr_ t

--aO oT8 oo--,-o,Bog----O,_oo
C PO 50,00 _o,ou 5o,o0

--R_ ......... 40,00 40,OQ 40,00

(._ lO 416,00 416,00 416100
PO- 3i4580--_45B-j .... 3,4b_0
T2 469,48 469,48 469,q8

C -ETAR---- 1,0180-- _,01B-O-l'OIBO-
P2 5,369 5;'369 5,_69

(- M_Z 0,6395 0,,6393 O,6U_
-P_2 ..... 5,367 ..... 5_367-- 5,357

0

C. --B ............ 8iQg?B-B-;9g95--9_215B
PATH SEPR SEPR SEPH

--WBXWZ_--O_OO2O---OTO_2,_--O_O020
" WB O, O, O,

• ---PpO ....... _99_5---_99-_15 .... 187,0_

IBD 1462,0 _462,0 Z432,B

(,,-.--WOI .......... 0_-122 -U;122 ..... 0,116
PBI 78,76 78,76 74,42

"-TB l 5E 56] B--_E_ Gi_---I_ 3 5-mm3
C HPE 0', O_ O,

0

0

0

0

0

w

0

C -NF _'--=..L3';_2,i--_,,,_2; _z-£,_7, z
P;_F',,io"_oo__ _o_9_;,_o___

---p _ 9 9-- I ; 7 8"0,_1.6 5 0 6

C. _-o-,os9_ o_
HPFAN _672., 10674, 15206,

- P25P23 -_ ;O_OOO- 1,00o0
M25P ,4499

0

.J

C

!

555C ,'%
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"

NASA-USTEDLEC/TP4 CYCLE (TURBOPROP COR= (;YCLE)
..... _,0/?.0/75

RESISED TO SIHU6ATE A PRQPELLER IN FRONT OF Th_ BOOSTER.
0

0

.

(."

(

('L •

°

9,124 9,124

-Q_5 1,1258 -1_125
125 559,2 _5

" M25 ...... 4500-0

_W_ 5 ,_o

P28/25 0,993 0,993g 0,9930
--p28 ......

T2B
---g28 ........

CV29

0

0

C

C

( P24/iC 2,7500 2,750% 2,64_3
'H_C= _58,77J _58,77--15Z,20

-( WlC 60,95 60,95 58,U7
" ETA_C - 0,8620 O,8620--O,Sb_g

HPlC 37791 3779, 344_

C e_4 14,760 14_761 14,220
-T24 , 652_3---652,3 .... 644,2

M24 0,4500 0,4499 0,439_
(; -024 ..... 1,8185---%_8180 -1,68_B

P2Cd24 0,9900 0,9900 0,99_4

C

/'t

-,(..

C" AE2I} 0 i O; O,
-WB/l_24 O, O, O,

C -P2C ...... 14,6%2--14;613-_-430B3
T_C 652,3 652,3 644,2

"PCNq ...... 99_608 .... 9_,'G08---98;353
P_NG. 08,821 _8_2_ 88,Z52

--NG ...... _45_7_ .... 14517_---14334_
PCNG_H IO0,OOO 99,999 99,359

( .... WARG2C D; .............. _; 0,

W2C 60,95 60,95 58,07
-W2C_ ...... 68;74-----_8]7_---677_

C,.

C

bb6

, i



, NASA,- UST ED LE C/ T p4._C y_[;L E _( TUB.B0 p__.R_Qp___CQ_R__¢.YC L EJ

B_SlSE_ TO SlMU4ATE A PROPE_bER J._.rRO_T OF" TF_I_BOOSTER

0

,..___c^sE .........I;oo ....2,_0_ a_qQ..
C;

P3/P2G 14j0018 14j001_ 13,6463
--I2C 0,5870 ....O,5B70---O_5_Q-9-

ETAC OtB6OO 0,8600 0,8623
--HPC .... $7050= %7050, Z57BV,

RNI2C 0,7457 0_745 B 0,7_99
-P3/_2 38,1195-30,1202-35,8055

@

®

0

-P3 204 60 204,60 192,1B
(" PS3 193_44 193,45 181,60

--T3 ....... i462,0 .... £462.0--1432;8
_AR3 0, On 0,

[" --_3 ............58_88 ......58.88 ......56,%0
W31 51,59 _i,59 49,_5

WFM 5110,3 5110;4 4663,2

( --ETABM - 0i9875 0,9875 0,9575
FAR339 0,02752 0;02752 0,02635

"-139 ......3054_5--3U5_;5---2971_7

C T4 2960,0 _960,0 207y,?
-WAR4 ....0; ...........O; 0,

FAR4 0,02566.0;02566 0,024_7

C_..--P4 ........._93;76 193_76 .....181i_%
W4 56,75 56,75 54,01

0

0

@

(_ TEFC 15,93 15,93 _5,73
--N/RT4--2-66;83--_66_82---267;_O
DHIT4 0,07185 0i07185 0,071_5

C. --E_AT - 0i8980 0,8989 - 0,8980
HPT 17076, _7076, 15813_

--HpA_X ..... 257_0---25]_-_ .... 24-_03
P4/P51 3_8714 3v8713 3,8765

-P51 - -50,04B---_0_050-46,926
151 2217,3 2217,3 2152,6

--FARSI 0_02436 0_02435-0,02332
WARSI O, O; U,

--_51 _T;,7O.... _9,--70----56q-,_3
(' M91 0,4800 O,4BOU 0,47_6

0

-- 0

,,=II_.r

0

P_4/51 1,0000 1,0000 1,0000

.... P5.4 ........50-,0.4/8- _0-_050---46,926
T54 22J7;3 2217,3 23.52,6

--FA R5 4---0-, O 2 _ 36-0.-02-4_ 5--0. O2332
(_ WAr54 O, O_ O,

--W54 ......... 59_70- 5"9_-7 O-.... 5-6T_3
1FF2TC 56,17 b6,17 56,!9

,( -N/RT54 95,19 ..... 95,19 ...... 93,7_.

#

i

DH/TS_ 0,!D919 0_I092U 0,10B08

55?

• "_'.-

,#'m_1

,.,.#

.



NASA.USTEDLEC/Tp4 CYCLE (TURBQPRoP

%0120/75 .......
BESISED TO SIMULATE A PROPELLER IN

CORE CYCLE)

FRONT OF TH_ BOOSTER

(i ¸'¸" . ..............
'3'

CASE 1,00 2,00 3,00

ETA2T 0,9210 0,9210 0.9i92
-HP2T---2045[;---20r_53-;---_8707,.

RNI54 0,6858 0,6859 0,6643
-p54{569,3233,/?i3257--9.1447

0

(7" -P56 5,368 ....._;367---5_Z32

T56 1_5x,8 1_i7 1x17,5

M56 0,5000 0,5002 0,4_73

(

P8/56 0,9(;'00 0;9900 0,9904

(i . - FARB "0,023340,02334-0-o0223._
WARB O, O; O,

-'_ 8 6 2 ; 2 4 .... 62T25--_ _"_5

C.. 1'0 1353,8 %_53,7 1317,_
-PQ ...........5,314 .'-5-,'313....5,0U2
P_QPO 1,5368 ii5365 1.469,7

_ -M8 ..... 0i0200- 0;8196 -0,7735
V8 1375,4 _375,0 1287,9.

- CF 8-_-- _| 0 165--170165"--i--0165
CV9 O, 9970 0,997.0 O. 9970

'A_8 ........I)46_73- 846,99---846-,_9

A8 633,0 833,2 836,2

(..._
FD 151620 15162, 14758,

_¢ ra j. _ ! -_. r... J.'1 e ";_ J.,J , y7

P[F,,,PC "" 5,0 ....... 5;0 ....... 5-t 3-
CD 0,1843 0,1843 0.1843

("/ FDI ....... 453,3 ....453i3 -- 441,3_
SWFIIG 1,00000 1,0000U 1,00000

-_FNO .... I_ 0000 --_'0000_1 _ 0000
(,i-

" WC3/2C 0=0902 "- 0;0902 .....0:0902

WC4/2C 0,_614 0,0614 0.06%4
(_ :WCbI2C 0,0360-0,0360 -0_0360

W_51)2C 0,_125 0,012_ 0.0125

-WCb42C .....0, O, O.

(_ WC_I% 0,005.0 0i0050 O.O0_Q
_C5512 0,0367_=0_0367 0,0367
H_552C 0,0417 0,0417 0,0417

_ ---_CI/2C -0,0320---0,0320--0,03_0
FLBAH 0,3880 0_3880 0,38_0

-FC_FIS_--'O,?850--O_2_SE--O-;2BbO
FCAFIfi4 0,7500- 0,7500 0,7b00

FCHSbl liO00D--_,O000 ....!_0000

FCH552 0,2770 0v2770 0,2770

<

,"'3..
k=¢_'

.

C

_

0

C,

C

0
.,]

',,J,
4'

,w.,.;: 1

c,
558

CI



-_--- _ozzo/75
- , RESISED TO SIMULATE A PROPELLER IN FRO_I' _ BOOSTER

--HZSS-ION-LdALYSiS CYC_ DATAPX-CKA_E .........
0

"v GASE 1,00 2,0Q 3,0Q 4,00 5,00 6";'00 7,00 8,00
0c

ALl" O, oj 0,._
--MO O, o;lO0 0,200

( PC 50; O0 50, OU..... 50;00
.... RC ...........40,00 _-40, O0 40,00

r,,c 3587-.:,,Ta-_i_"_-Z'-r-R--Z=B_6-.°,=
"t |W

- "/7 "

0__ o/,, _Q_, u, o:.....
o,20o o',2oo o;2o0 o,zuo o,2_o
5o.oo. _.).0,oo____o; 00__ )oLuo 50,00 .... -..,

-- -40, O0 40,00 40.00 40,UO 40,00

22_Q_s+4--_-7_C-Q-_-_,- ____ _ __-rt--_ _6_ .......
"" 7 "#UOn,._-TA-e---BT36-69----0TBYM_--'BT,,":- 0,--_ .,"

591,17 5_I,17 551, 17
_4,696(J14,6960-$4,690.0

553.;17 __;52,27 555,59
--- 1_0180- 1=018a---I,01BU

15_384 15',3B4 15,3U4 15_,6 _6
0 r9996 0 ;9_ 9-6 0,99-'96 0,99)_

0,3604 0,3078 0,_3,_8 0;4818
= 15,378 15,378 .... 15 ,d78--i5,620

32,50 32;50 32/50 32,b0 32,_0

551,17 551,17 551':%7 _51 17 ..... 551,17 ...... '_
I<.6960 i4,6960 14,696d 14,6_60 14,6950

" 1:0180- 1,0180 .....I,,0180 1,0_0 1,01_0

--PE_,TO

• TO
-PO .....

T2

..... ETAR
P2 14 1 15;066 15,3_4 15,384

--P 227P-2--•0-, -_)_ 6---0.999 &'--0z9996_99 9

(, M21 ..... 0=4778 0=4786 ._ 0'4_0° ......0'4-258

(" --B .........9 i-4033--9-;-442;L-- 9-,-5574 9, 9999
PATH SEPR _EPR SEPR SEPR SEPR SEPR SEPR SEPR

., o, o.,- o, o o,-PpD ......_14_43---_15,90-- 4 ,07 ...._ ,44- 2 _44 --217;06 ....13_t-U4 ....423,2_ .....

TBD 1544,1 _b45,3 1548,5 1472i6 1385,8 1280,2 1132_6 1550,_

....WBI .........0,249 ....0;250-- 0_2_3 .....0_221 ......0:188 ......0;151 ....0_10_ ....0,255 .....

CL

..P

v

PBI 166,76 167,46 169,46 145.16 120,54 94,61 64=31 170,)7

-3BI ------I23 o_?--123i ;9--I23 573--]._7 8¥7---%Ii53-3'---i0_BT, 0----Y3__'3 7T_ ....
HPE 0', O, O, O= 0_ O, 0_ O, _.

PO-N_--.....88,116 BBV120 B8,O?_/ 80;624 72:778 62_873 46,794_-Fi_'7"4
C -NE ......_151,3 4150,2 379B_2 - 3428_6--2961__0_-4149_2 ........._

PCNP_ _,479 B_,llB 77,B99 70_ _.-----4"rO_'7"4_B45,212 84,908 ......

C W2 " 1296,34 IBUS' 76 1333_._.J.--4'-(_"l'Z'l-5_924;44__/__._'V_•-135-3_2--
---p23/22-J_4716-_4633 - I,__279_I-,0927 1,45_7

Z22 _O=6_/B 0,6_9Y 0.6436 0=6455 0.6,-"j80 _63%2

- R]_r'__O ;9_ _f--O,_ ___ --0 _9 __ _-- 0; _ 569-__-5 __--_,9 _._LLC¢.,.-_5

--p 25p 23-- 1 ; 0000--1 i-00 O_--1-_ O__:,"_q,-__D_lO 1,0000 l,OOt)O 1.0000

C. --_,8---3672;-8 38-72,B--3872i81 ....3B72,-8 3872,8 J872, "-'_--7-_

C:
559

C7 ............



"

C

NASA,USTEDLEC/Tp4 CYCLE (TU_BQPROP CORE GYCLE)
.... _0/20/75 ............. ..

RESISED TO SIRULATE A PROPELLER IN FRONT OF Th_

----HISS|ON--_NALYSI_-UYC_'--DAT-A-PACKA_E

BOOSTER

CASE 1;00 2,00 3.00 4,00 5;00 6;00 7,00
{._

Pi_ 22,007 22;131 22,503 21,087 19_671 18_250 16,8J_22,7BB

-P 25 _.- 0000---i-T_O-b--'_ ,-TO000--1";0_ 0-6"--5;-0_b--0-0----_-_,CO-Oo_ _0-_00-_0 -

(. p25 _21z...O06 22,_131 22,002 21,087 19,670 18,250./16,8U4 22,794

i" -Q2_5 "------2-i 3_ ' 3792 " 2 .4601 .... 2,1397 "-1 m-7779--.I.-,_ 8'_'8.......0, 86 _ 6----2_, 5 _.P8 ........
-626,a__ 5 630,I (,16,9 c,D3, 57 ,5 632, 

(;. -_---0,4147 ....0,41_b.-42PI - 0,4027 ....0,_3-T5 ---0-.3397--0-.2792---0_-4229 .......

W25 i 71,73 8 ,71 , 3 .1._1 5,17 ...,.P8"8,77 849,'12 666,U7 6,,56

( P28/2P 0,q939 0,9939- 0.,99__"42------_ """ 0,9949 0.9958 0,9971 0;'9937

- -P28 ......... 21,873 ....21,'996 - 22,3_3"_ 20, _r'_YS,,,_19 _ 570 -- i8 _ i 73---i6-_7_-5----22 i 541 .....
128 626,6 027;5 _.1 616t9 -"'f_,_._,I 588,5 572,5 632;_

Cy2? 0,9970 0_.9_I/U 0,9970 0,9970 0,q970 _'_.J_970 0,9970 0,9970

(. AE28 26_5.,¢"/- _46,0 2647,5 2643_6 2643.6 2646,2 _'ZY_:_5 2648,7
" --A28 ...... _....,?'7'_9,0 " _ 729 _ I - 2729, 1--2729_ 0 .... 2728;9 ..... 2720 i O---P- 72 q"_BW_._ 729 ; 0 ....

V2B/ 899,1 905;8 925,u 845;8 754;5 645,1 .502,9 "'w9._;2
, --_ ...... 0,77566 ..... 0_7813 - 0,79_1--0,7308 .... 0;65_.9 0,_55_)2 _;436e,- 0,-8_ ....

0

.3

(

°.,

-'ZIC ..... 0]-639

P24/1C 2,212

-WIC_ .... _26,2

W%C 124,6
-EIAIC -- 0_874

HPIC 8789

0 2_2105 2.2045 1,9861 _,78_8 1.5522 1,2870 2,20_0
3 - 125,92 - _24,23-109.3_ ...... 92,86 ...... 74;49 .... _2i_4----_24,20 ....
1 _25,05 126,31 110.52 93;_8 75;32 52,V2 127,26
4--0i8743 0.8742-0-,8728 .... 0_8620---0_8590----0-_846_--0-,8741 ....
m b821, 690_i 5173_ 3665, 2214, 881_ 696P;

C P24 33,080 _3,289
-124 ........ 731,4 ..... 712;6

M24 0_4232 0,4222

C " Q24 ..... 3,6567 .... Bm6645
P2C/24 0_9910 0,9911

33,901 30,542 27,400 23,870 19,791 34,354 _ _
..... 716,3 ..... 693-_3--570_5---642-,2 ...... 604_-7 ..... 719;0 .......

0,4192 0,3961 0,3635 0,.3221 0,2591 0,4_7_
--3,68b4 3,0039-2i3087--I_61I_---E, 887_---'5_70_7 ....

0,9912 0,9920 0,9932 0y9_45 0,99b4 0,'99_3

_' AE2_ O, O, O, O, 0, O, 0, O,
-WO/H2_ Oi .......... O, O, O, O, O, O, 0,.

C -P2G .......... 32,783 .... 32_992-_33,602-30_29B--27_2L3--23_739--I-gT7L9----3-4_O53 ......
t_C 711,4 712,6 716,3 693_3 670,5 642,2 604_7 719,0

C. PCNG_ 87,307 _7;254 B7,10U 85,859 84,075 81,143 76,417 86,985
-NG .......... _4901_--I4906, -14917, .... 14472;---1393_--13159_-I2020-; .... _49251- ....
PCN_"H 98,295 _8_235 98,062 96,698 9_,657 9_,356 86,034 97,933

C -WARC2G O, ............ 0; ........... g, O_ 0, . _, O, O; ..............
H2C _24,61 125,05 126,30 110,52 93,86 75';32 52_92 127,25

-W2C. ...... 65_42---65;29--_4TY2--TI_98----97_-63----51_BS--42-i_8----6-4TS4 ......

C

.,IT,-

=

2-

0

C

I

560
"..j

• • , °

._ ........ ..

I



,, .............................

' .... NASA-USTEDLEC/TP4 CYCLE (TUffBOpROp CORE CYCLEL
_..-- _0/20/75 ................ " ..........................

; RESISED TO SIMULATE A PRQPELLER IN FRO_T OF T_j___B_OOSTER

L

C

C'

--.pc
' RN|2C

_ P3/P2

(

(

C
I

('_"" -- P4 .......... 403,02- .404-44
- I

H4 116,09 116,50

4,oo 5;o0 6;0o 7,90 8,!0 ........

P3/P2C 12,9947 12,9_84 z2,e_ze _z,n3_7 _o;B7n8 9_4_68 7,28_9 L2_77se 0

ETAC 0,8665 0_8666 0,867_ !0,8706 0,8732 _0,8701 0,8524 0,'86)5 _
....... 36140_ - 36267 _ --36627,-:29840_ .... 231_3_--16416., _44/, 36900;-

_,5044 1,5107 _,522_ 2 ,4348 _3425 1,.2351 &,lOb5 1_5429
28,4868-2_,3888 28,0_22 ,7094 19_2457-_4 5_2_ .... 9,-34-U_'27 8555 ....... .'!_

PS3 402_31 403,73 407_76 343,80 278,53 210,'0_ 1342_4 4i0,50

WAR3
0 O_ O, '0" 0, _ - '

W_I 105,47 $05,84 I06,_0 93-54 _o _ .._ ..... ,.

WFM 10708,8 10739,7 1082b, ? 8488_0 6244_6 4_34,8 2156_2 I0890,8

-ETABM - 0,q875 0,9875 0,9_75 .... 0,9875 ......0_9875_0,.9875---0,9875 .....0C9875 !_
F'AR3$9 0,02820 0,02_19 0,02_3 0,02521 0,021_3 0,01802 0_01367 0,028_9

--T39 .... 3155;3--_155;_--3_55-2-_2945_5---_696\-5----2392TV---2000-_0_-5_5-;-0 .....

T4 3060,0 _060il 3060,_ 2857;2 28170 2328,8 1945_5 3060;0 ....
-WAR4 ....O, .....O;...........O,............O;..........O, _, O, O,

FAR4 0,02630 0i02628 u,02623 0,02350 0,02036 0,01680 0,01247 0_02619
408,42 '$44,46 -279_12--2_0;54 ......134_63---_1,_4 -
117_67 102.69 86,94 69,52 48.64 118,55

t.._."N/RT54
PH/T54

C

- i

C TrrC 15,93 15,23 !5,?$ 15,_3 t5;_3 15;_3 15,_3 15,_3 0
---N/RT4 ...... 269,38-26_45269,66 ..... 270,74---_72[33--27_;68----272_3--2_9,83 .....

_)J/T4 0,07200 0i07199 o,07199 0_07198 0,07189 _,07176 0,07058 0_071;_
C. --ETAT --- 0,'8982 0i8982-0,89_2 .... 0,8982 ..... 0_8982 .... 0_8_82---_,89_4 ..... 0;8932 ......

HPT- 36186, B6314, 3667_, 29R78_ 23142_ 16438, 9462, 36947; _"
-'HPAUX ......4_21-_46Z36----46_-79_.-37_77_2

• 0-;_5-_-2_05.------i-4--[.,76._.?_,m1.._____ '_0 P4/P51 3,D774 3,8773 3,8770 3,8894 3;8994 Dr9125 J,8948 3;875S

-P5% '-103,9fi1-i047310i05,363-88_564 .... 7_581 .... 53;813-54;925_06_154 ......
Tbl 2298,0 2298,1 2298,2 2_34,,2 1942;9 1716,5 _425_5 2298;3

C --FAR_I ....0;024960;02495 U_02_0-Di-0223_0;01932--_,01595-0i-0_IU4--0;-02496--
WAR51 O; O -_-

_._,.... ___0_0,_._ O, _ _, 0, 0;
....W51 .22714 .... _2_-57 123,7V IOB,3b------9_,50----73T17 .... -_,-Z-O---E-E4T72 .......

( __H51 0,4824 0,4824 0,4824 0,4814 0,4793 0,4767 0,4_20 0;4824 _"

P54/5i $,0000 1;0C00 1,0000 I',0000 ii0000 1,0000 1,0000 I 0000
( -P54 .... _03'941104_310-I05"J63-"88;564_71_ 58 _--53;813---34_925-_0_-,15_ --1

, " . -_3
T54 2298 0 2298,1 2298,2 2134i2 1942,9 17!6,5 1425_5 2298,3.

WAR54 O, _.Oi ..0 O; O, _, Olsi[zo_O. 0--HP4 ........... _22;14 22-;57 123,7? 109_05 ...... 2i;50----_73;t7 _24,72 .....
1FF2TC 56,33 b6,33 . 56,32 .,' 56,36 56t34 56_34 55!_5 56,32

86,60 ...... _6,60- 86-,57-./_2_22----77,78---_1_49 ....... 50,J9 _6,55
0,09260 0_09271 0,092y?.,0_08537 0,07796 _ 06578 0,04bb_ 0,09321 '¢

561
C



NASA_USTEDLEC/TP4 CYCLE (TUHBOPROP CORE CYCLE)

_ESJSED TO SIHULATE A PRQPELLER I_ FRO_T OF TH_ BOOSTER
---H|SSION-ANA_Y$1$-CYC_-_ATA+-PACK_E

,, , 0

_-_ CASE I;00 2,00 3,00 4,00 5;00 6;00 7,00 8,00

C .......... 0

ETA2T 0,9114 0,9113 0,9113 0,904_ 0t_982 0,8901 0,87d3 0,9112

(. RN|54 1,3694 $,374_ _,36_0 1,26_7 1,1343 0,9773 0,7761 1,39S4 ._
P_4/96 6,1964 B;2_42--6,2_94 .... 5_4522-4;5497--3;5f41-2;333_--6;.2947 ....

T56 1544,7 $643_ 9 _541,B 1470i9 1386,4 1289,9 %16_B %540, 2

P0/56 0,¢954 0,9954 0,9954 0,9964 0;9975 Or_S4 0,9993 0;9953
-FAR8 0,02392 0,023910_023_6 0_07_3B-0,01852 _01528 0/01_34--0,02352 .....
WAR_ 0, O; 0, 0, 0, _, 0, 0;

--w_ 127;33 ......127_,70--129;06 .....I_2766---_ST41-----F6,"_3--_--5-3T4_--'i_--_--_

T_ I644,7 _643, 9 1541,8 $470_9 1386_4 1289,9 I16_8 1540,2

(

.2

-P8 .........16;698|6",709--16,7_4 16iI_5-- 15 ;6_ 3- 15 ;2 _9 --I 4i-V58 ----_-6,7_5 ....
P_OPO 1,1362 _.,1370 1,1401 I,!014 1i0678 ',.,0404 1,0118 1,14_.%

" -H{] ...... 0,44$0 0;4_2_ 0 4469- 0,3020 0;3i_7 ....0_-2425--0;lt)13 0 4530 "_e m . ._ -

V_ B_6,6 H117.,5 82(>,4 694,2 556,7 417,_ 266_I 83!,6 !

-C F 8----1, 0 $ 65 --I_ 01 _,_--- i; 01 .__ --+%_ 0165 --1,0 i65---1-TO155--1-,--0-I-_5--I.-,--0155 .....
CV9 0,0970 0_9970 Q,9970 0,9970 0,99?0 0 ,.9970 0,9970 0,9970

............. , , - " 7;73 --846-,-,0/k_ B47i55 _47 97 846,53- B46 25 -_4_6 -B47,47---64 ........
Ag 83_,8 _34_2 8,.XZ_8 83_5 B34_? 833,7 834 _0 832,6

FD O_ 4672, 054_, 8699', 7747_ 6615, 5146, 12110;

D/r.PC - o, ..............o;i ............o,4 .........o_4 ...........0;5 ...........-o;6...........i-,o.......0;6 ......

_D 0_184_ 0,1P,43 0,_t_43 0,_B43 0,1843 0¥1043 0,1_'_3 0.1843
t .........

(. FDI ...............0,.........24,9---100,0 --9_t2 .....Bi,2 ......69,3 53-,9---156,6-- _.;,

_WFtIG 1,00000 _,OOC03 1,00000 1,00000 i,O00OO _.00000 1,00000 1,00030

"-%iFNO .... ],_0O00 -- $ i-000_ -- _; 0000 ....1",00OO--I ,-'0000-'-i_-O0"00---I'_'O0-00--I-,"000 O-.....

.C

C

-WC_/2C 0,0g02

_C4/2C _,0614
_wcbI2C 0,0360

WC502C 0,0125
-WCb_2C--O,

WC_ll 0,0050

WC5520

O, 000_ 0,0902 0, C1702
0,0_14 0,06Z4 0,0614 0,0614 0,0614 0,0(_14 0,0614

" 0,0360 0,0.}60 0,0360-- 0,0350- -0..0360 0,0360---0,03fi0 .... ,__
O,01Z_ 0.0125 0,0175 0i0125 0.0125 O,0ZZ5 O,OIZ5

O, O, O, O, 0, T_, ........ D,,

0,0050 0,0060 0,0050 0,0050 0.0050 0,00_0 0,0050 -_.-
0,0367---0,0367 0,0567 0,0367 .... 0 i 0367-_-0 ,.0367- " 0 _ 0307_-0,0357--
0,0417 0,0417 0,0417 0,0417 0,0417 0,.0417 U,0417 0,0417.

0,0902-0,0002 -0,0702--0,0992 .....

(_" .-WCl/ZC
FIUAH

-IrCAH51 ....

C FCAH54
- FCHbbl

0,9320 0,0320-'0,0.tZ0 0,03}!0 : 0,0320 ..... 0,0320 "0,0,_Z0---0,03_0"- ._.h
0,3880 0,3}_B0 0,3880 0,3880 0,3880 0,3880 0,_0 0,3_B0

0,2550--0.2_0--0.2_90---0_2850 ..... O,2850"_O;285D_,2_O_--O_2950
0,7500 0,7500 O,7bO0 0.7500 0,7500 0.7500 0.7600 0;7500
_,0000 1,0_0_ 1.0000 1.0000- 1,0000-I;0000-_,00_0--1_0000-

_'CH55_ 0,2770 0,277_ 0,2770 0,2770 0,2770 0.2770 0,2770 0,2770

562
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_..-- _0120/75
: RESISED TO SIMULATE A PROPELLER I_ FRO_T OF T..E_..BOOSTER

....MISSION-ANXCYSiSCYG_$-bAI_P4CKAGE

G

•_,_ ._cAsE....._IZ.i0.o........_.8_,00_....19_;_0_o__20,_00
C

21_00 22;00 23 00 24,00

O 0,250 0,250 0,_80 O,3UO 0,2_0

0.__50,0D ....... 5.0,00____50;00_.___0100 ..... 50,00._ .

0 40,00 40,00 40_00 40100 40_00
2 2_341i9 25338_6 22330,5___2.23_219 2..467_,7.......
0 0,3980 0i3892 0,.461J 0,4512 0,3989 '_

.....A._%__ Oj OJ_ 0
MO 0,300 o;300 0,_o

C; ___PC........._o'0o....5o,0o......}o,o
RC 40,00 40,0_ 40,0
FN_ 24050,5 22464,6 20986,

C SFO0 0,4380 Om44V4 0,46_

[ELTO 32;50 32,50 32,50 23,40 5;20 23;40 5_4_0 32,30
,,. 10 .551;17.... _bI,17 551,:L7 _542,07 .....__2_, B__r _42m'07 .... _.24l.IJ7_ 533m _.4 __. ._

--Po ...... 1-4m6960 14,6960 _.4,6960 14,6960 14,6960 14,,6960 14,6900 12,2278

__12 5oi,1_ _61,1J. 561,:L_. _ _48,86 ....530i44 _5.7_';.76__._9__Z.4.__.539,B2 __
" ETAR .... :_m0180 l.mOIBO ....].,OIBU 1,0].80 i_O_,P.O _.,,0180 lk,olSo i,01BO

" P2 15,925 I_,925 15,V2_!.5,626 I_626 15_,530 Ib.,bZ9 13,03%
--P 2_-/P2_0,9996_0 ,9996"---0,99V6 O, g 996---0 ,-g-99 6---0,. 999-6--0 T9-.996 O, 99:)6

,i. M2_, 0m4577 0,4526 0,438_ 0,4663 __0_,4663 0,,,4697 0,4698 0,50B 4 .... ;":..
-P_2 ........ 15,919--- }._,9_.9 - 1_, 9_,_ --15;620 15 _0 _.9 - " _t6t 523--i,6m 9 _ 3 .... _.2 o9:)6

E,.--

C

C

C

C

L_

PX'_ SEPR SEPR SEP_ SEPR SSPR ._EPR SEPR S_

HB 2".i..4__854,802 6,966 0, 0 _ O, 0/ 0,

--PB_D------402_7_79,13---356,84 -404_47---405;-_3 ....415'5811_-.4'_6T40....379,-B_ "
• IBD _,530,0 _."_8 1482,4 1507,2 _461_9 15_6"i_- _.471i2 1539,7

" HIll........0,248 ....0,'24"0"..,L.0,232 ....0i248 .......0_252,..,_0;254 .....-0_269---0_228 .....
PHI 164,48 Ib6,3l. _'_I&476 %63,98 i6_.' 22 169;37 169,_63 152,52

--'[ B_..... _:z_3,-_.--%z0_,_:_ B__'_-,,_203.3_-_!-'_65-_C2-_. ,--@-_];7 _35-_ 22•oT2.....

PCNF 85,930 83;763 81,_.T" 85,2_8 "8"_._.8_0 85_220 83,B:_3 89,895
-NF" ....... 4048,2 394l_'tI,,.38_3,4 ....4016,5 3948/6_,,.,.4014,7 -L1948_4-4234',5

PGNF, 82,616 80__._C_"" 78,642 82,880 82_885 _,_79 82,198 88,136 "
--142 ,__:[ 292 i59 -X20_7 _-1;2;3 O,3 _--:1_28 .o=/74--[2 S9T_, F{296 ,"5_-_1296-_ 9 5--:[-373 ;Sb ....

_2 " _346,_t1313,04 128Z,35 1632,57 t355,56 1405;78 t',3.0,u5 %190,5_
-P23/22 _F263- 1,3998 " 1,3749- 1;4322 .... :[_4323-1.4158 ......I, ; 4"1"_(E_t ;-50 37 .....

Z2Z /0,6210 0,6163 0,612X 0,6395 0m6356 0,5971 0,5970 " "0.,,6450
- E T_ .... .J3..(tIL_ 9 -- g.,JL_.{k._6.L.Q.JL_._.O_L_.,_O._..4CE.O_._8.___ _ 04--_g; {L6r_-4--- 0 i _ 53 n -
HPFAN 28925, 26703, 24644: 28362, 27875, 293?7, 2890_, 28383,,

M23 0,4176 0_4128 ....0,40._..0.....,0,41460i414_..__ D,4224 0,4253

--P2_P25 " :1.,0000 ....i, 000 J---I ;-0000,,_:O:O'O'_"""_'l_-O00....i_-i,0000---I, 00_0 ......i_00 DO ....
_125P 0,42_..4..:_2q--'O_,,'T_33 0,4187 0 i 4186 "O_4-281 ..... 0.,A2._ 0 0,4298

--_2_31_/'_, 8 3872 _8 ---3872 _B--3872 _8--3 B72_ 8-- 38 72-,B---3872 _8_--3_72-_0 .....

C r
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NASA.USTEDLEC/TP4 CYCLE (TURBQPROP CDRE CYCLE)

_U/20/75
RESISED TO SIMULATE A PRDPELLER IN FRO_T OF TH_

HISSION ANAL-YSI_'_YCLE--DATA-_fiCKA_E

BOOSTER

G

="-" CASE 17,00 18,00 19,00 20,00 21,00 22;00 23,00 24 _00_ .....
................... T-.... .................................................... 0

"lJ_._p 22,706 22,283 21, 888 221371 22_372 23,394 23,397 19,5.4-_
P2b _ l-i

T2_ 630,8""_7,1 623,4 61_,0 597,3 625.t_ 0 i. 61 ,6

M25 ........0,4221 ....C, 4"T't.8."0. 4133 O, 4188- 0_4 iB6-_.._-0_"28i----g,42 _ __---0-._42 B8...... _

W25 1221,_I 1193,00"I"i .___I. 208'78 _.5_"i 278'60 1"I00'98 1076'40

2 I . .,. ..................... "-"
P28 ..... 22,563 22,146--21,7b_ 6 ,22"',28_ - 22,2..34 23,244 i_31246-- 19,416
T2B "630,8 627,1 623..._.A_'" 618 i 0""'-.,._97,3 625,5 604,8 617,6
wpB ........ 1221,91-1:f.93,0011.b"f_24 1208, 78 122'_'_'5_31278;60--1300i_8--1-076i40--- _

-{:;r2B----O-iO704--__rir_9_---O,96_4--O-, 9599---0,9-69v--0;_._-_._ 0,9/16 O, 1L7
AE21} 2648jfl."_2646, 5 2645_4 2647_3 2646_9 2651,4 _.651_ 4 2651,9 .'_
A28 ........... 2.]"29r, 0 7729i0''--2729'0 2729_4 .... 2729;0----2729(1---- 2729'_..0_729;_. .... '',V
V28 / 934,8 912i6 891,1 910_1 894,9 960,5 944,5"-.....958,2

" M_ ....0,8071 ....0 i7883--0-.770 O 0 _7922 ......0 i7 922----0.8 364----0--,-836-4---0,B_02 ..... 0

-Z _ C_1)-i-6 5 65---0"i 65137---0-T649 __0-,-65 ? 7--{) T _,_59----0 _'-B _ ,--6-766--0-,-6 495 ......
P24/1C 2,1251 2_0593 2,0024 2,_.350 2_1344 2,.12_.7 2,1216 2,3!06

• - WIC_ - _.19,31 - 11.5,26 111,_blJ 119,81- 119i91 - 1t,7,30 .... 117i42---131,75-
WIC _24,26 120,04 116,12 123,79 126,03 _.27;18 129,47 114,21

".-"..ETAIC .....0,8741--0i8742--0,87.40--0-,874L ......0_8742---(],8728 ....0.8730---0,8728
HPIC 6512, 5996, 55b$, 6385, 6279, 6615, 65u9, 6482_ ..

P24 33_846 _2_782 31,876
-T24 ........ 715_1 --707i9 - 701,7

M24 0,4112 0,4072 0,4024
-02_ ........ 3,5554 .... 3i3861----3,2238

P2C/24 0,9915 0,9916 0,99_ 8

• i

_3,348 33,338 35,057 35,064 30,0_9 "_
--700"!6" - 677_Y .... 7"10-i'7----687i'2---706,8 .... !

0,41_5 0,4119 0,4035 0,4U40 0,.4256
"'3;509_--3"i'51,67--3,5628--_i5714---3_3657 ....
0,9915 0,99_4 0,9918 0,99_7 0,990_

AE2D O, O, O,

_plH2_ -0_ ......... 0; ...... O,

|

o, o, o; o, o, ..DI
0, _, 0,, O_ 0,'

P2C ....... 33_557 32T507--_3_,,614 '
_2C 715,1 707,9 701,7 700i6 677_1 710,7 687_2 706,8_

-PCN_ .... _1_i735-_957-1_1_8-_D_;_5_99;_9_--_-_(]]_-99_`-_--]L-_2_1_7
PCNG" 86,641 66,414 86,134 86,694 86_730 86,276 86,3U7 87,4_9 _.
NG .... 14827, --14714,-14601; -14684_-144_-_1471-B_-- 1-447_T---148_4; ....
P_NG*H 97,54b 77,29_ 96,975 97,605 97,645 97,134 97,109 98,4_9

•

WARCZC O, ..... O; ......... O; ........ 0-; .... _-0, _, O, O, -_
W2C 124,24 _20,04 116,10 123,78 126,03 127'_18 129,_7 114,22 "

"_W2C,- -- 63--_-89----63_ 4_--62 i7_ 63394 -----6_0L_---82_9_8_ go 65-_ 95 ,_

564 r-



NASA-USTEDLEC/Tp4 CYCLE (TUHBQPROPCORE GYCLE}

, RESISED TO SIMULATE A PROPELLER IN FRONT OF TH_

' ---HISS' ON-_NA_YS] 5-CYCL-%'-DXT-A--PA_-K__E

BOOSTER

'v _ASE 17,00 _8,00 19,00 20,00

C

"..

2I__0_0 22_,'00 23 iQ_O- 24j00 ....

ZRC 0,5345

__E!AC 0,8684
HPC 35235m
RNI2C 1,5300

--p)/p2 " 26,1508

0
12,1196 11,8006 12.5791 12_6073__12j.2931 I_,3189 L3_,.1219
O,5o86 O] . o, 5506---:0,5598 0 9---0 .....
0,8607 0.8690 0,0684 ....0_8683 ._0r8696 .....p,0696__0,8658 ..... :_

03274, 31434, 3467B_ 34213; 35623, 35154, 3311)_
1,5005 1.475i 1,5458 ....._,6111 ...._50_74 ...._,664_.___.3753 .....

24,7484-23,4354-2-6,6265 26,6707 £5,.8668 _,9196 30.'04_% ._

373,0Z 415,90 416,70 427=4o 420 _6 390 45
392,51 393,23 403!22_ 403_y9 368_79

---I*-61_9_1516,2 147112 1539-;7

O, b, O= ...... O, ..........
i21_74-- 1227B6 -125,07 110 34! &

106,67 107,65 109m09 96,58

(
%..

30 093 97P3 416, ,
PS3 392,36 370 '69 350, 3_

--T3 1530,O---%u05,d---14BZ,4---1507_i2

WAR3 O, Oi O_ Ot _
-W3 ......... %20.02-- _15-196--_12_ 119,57

H3_ 102,67 96,80 91,30 104,76
M3 0;297_ 0,3015 0,305? 0,2939

-P4?P3 .....0,9442 .....0;9427 ....0,9410

WFM 10534,7 10094,6 9672,5
-ETABH- 0,9875 0i9fl75- 0.9_75

0,293? 0.2949 U,27_9 0,2920

0,9455 0,9454 0,9452 0,94_I 0,9452

10085i8 9561_7 10301,5 10077,2 9841,7
0,9875-_0_9875--0,9875 ....U,9875--- 0,9_75

"" FAR4 0,02653 0;02692 0,02730 0,02493 0;02394
-P4 ...... 393,08 ....371,38 .... 351.,05 393,_23 _-3V3;95
W4 1!3i2..f 106,78 101,_2 115,17 117,15

FAR339 0.02850 0i02097 0,02943 0m07674 0,02568 0,02658 0,02504 0,028_-8

1"4 3D60,2 _060i0 3060,0 2960,2 2871,4 2960,0 _ZB_72'__5 __305 9_,_$_....

- WAR4 ----0, ....... 0_...........0-,......_--0",............0 _.............-_0, 0, O,
0,02478 0.023_2 0,026_7

---403-.'97 .... _04_74-- 369 ,-44 -

118;32 120=64 106,42

0

C. TFFC 15_93 _5,93 15,73 15,93 15,93
- N/RT4 ....268_02 .....265,96 .....263,V6 .......269,89 ......269;52

DH/T4 0,07197 0_07193 0,07189 0v07199 0,07198

C -ETAT ....... 0,89810_8979 --0.8978---0,8982 .... 0;8982
HPT 35280_ 33316, 31475, 34721_ 34255_

-HPA'UX_-45;05--42757------40_4_--43-_-,71--42_'_

(

L

%5';93 15v93 15,93 _'
--270_52---270;14---269,_7 ....
0,07198 0,07197 0;07_90

-- 0_8g82 .... O_ 8902 .... 0.890% ....
35667, 35191, 33162;
44, 7 ......

P4/P51 3,8751 3,8726 3.86_3 3,883t 3,8880 3,8830 3,8874 3_5759

-P51 .... 101,439- 95_900- 90,726--10i,267-10I_326--i04_037-_0_,-117 ......9573£7 ....
T51

'FAR51

WAR51
"-_51

H51

2297,3 2296,0 2294,9 2217ii 2145_3 2217,2 2146=4 2297,9
0.025160,g2549--0=-02082 0,023670,02273--_;02353--0-_022_%--0_025_3 .........

O, O, 0, O_ O. 8, O_ O,

0,4827 0,4829 0.4830 0,4819 0i4813 0.4819 U,4813 0°4822

(..... P54 .... 101;439--95_900 .... ,726--101=267
154 2297,3 2296,0 2294,9 2217_i 2145.3 2217,2 2146_4 2297,¢

--FAR54 .... O_-0251-6--O_-O_549--O-_O-25_2-_702367--_,02273_702353-9702Z_5i--Oq02_03-- ......
( WAR54 0, O; O, O_ O. 8, O, O,

-W54 - _19;25 ..... 1_12_80 .... 1_6,75---12t]17- i23_26--12-4_48---_26_Z--fl_,_6
IEF2TC 56,35 b6,36 56,37 56.34 56,34 56;34 56,34 56,31

( N/RTS4 84_46 82,35 80,44 .... 65.30 ........ 85_26 ...... 85;26 ...... _5,22 ....83,33- "
"_'- DH/T54 0,09142 0_08924 0,08712 0,09142 0,09129 0,09222 0,092i0 0,09570

'-;
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NASA_USTEDLEC/T_4 CYCLE (TUHBOPROP COR_ CYCLG)

%0/20/75
RESISED TO SIBULATE A PROPELLER IN FRONT OF T_ BOOSTER

---MISSIONANAEYSI$-_YUI,-E-DA-TA--P_-CKAGE
0

4

GASE %7,00 18,00 %.9,00 20,00 21_00 22='00

ETA2't" 0,9075 0,9036 0,9006 0.9092 0,909:[ C,.9089
"-Hp2T -----35437__- _2699"-_--'-'50l97=;=---3 _;f;47,_---3zl_[5-4_'----'3-60"I2'

23t00

U_9089

_4_,

RNI54 1,5569 1,2647 1,1971 %,3878 1,4399 1,.4257 1,47_6

p54Z56-6_0762- _,8113 5,5563 6,0749---6i0780--6-_2014--_200 -1

24,00

0>9!38
34865: .....
1.2558

P56 .......16,695-16-_502 .....16,-328 ....16_670-r-_5_6_---_6_776---_'_-_T77---14i2_6

T56 i553,3 1569,2 1584t6 1494s1 1441.5 1488,1 1436,5 1519,1

M_6 0m3176 0,3044 0,29_? 0,3160 0,3153 0.3227 0,3220 0,3477

0

"9

#m-._

P8/56 0=9956 0,9959 0,9962 0,9956 0i9956 0,.9954 0,9954 0,'9948
-FAR8 -0,02408 0i02438 0,02467 0-_02268-0,02178-_-0225___02_66--0-,-02398 .... _

WAR 8 O, O; O, O, O; b, O, O;
--W8 12_-_43---IlT¥BI----1_-%_97--i26733----_B_f29-;79---_-32,--lQ-l----fl-6-T?_ ....

IO 1553,3 1569,2 1584,6 149411 144195 1488,I 1436,5 1519,1 :3
PO ........ _.6,6_1 .... 16_435-16,267--169597--i_95_B--1697-00 ..... _69-TUO--1-492_3-
POQPO 1,1310 1,1183 1,1069 1,1295 1,1294 I,.1364 1,13 o4 1,1632

-HB "......... 0i4329-0i4126 0.3931 0,4297--0_4293---0_4406 .... 0-,440_--0,-4802 _ _
V_ 804,2 771,1 738,9 784,1 770.3 801,8 787,8 879,8___

_V 9 0_9970 0,9970 0,9970 0,9970 0,9970 0,.9¢70 U,9970 0.9970

-AEB ........846,74--847,06-847,_0--848,15--8479-07---8479'3i ....._457_0---8479E9 .....

A_ 833,0 833=3 834=0 834_4 833,3 833,6 832_8 833,5 .

t'"

FD 1444_, $40_3i 13_753_i 11821 1_8239 18955, 18962, 10475, -

F_/-We--_B'_--___-----_6",_a----_QTem----" _-B-r__a-----e_>', _v_---_e-_ _ C_,
D/F-PC ..... 0-,9 ....... f;O I.0---- 0.6 .... 0;6 I ,6 1-_6 .... 0,5
CD 0,1843 0i1843 0,1U43 0,1843 0.1843 0,1843 0,18__3 0.1843__
FD| .......... 220,6- 215,2 ..... 210,0 ---152_8 .... I5_99----355,0----355T_i35,4 _ ;
SwF.HG 1,DO00D l_{_O00U 1,00000 1,O00OO 1,00000 1.00000 1,000U0 1.00000

--SF N_ .... i, 0000 --_', 00-0Zr---YTO 000---170000---i.O-OO-_-ET_-O O-O---_TOO_]_--i?O 0_0

" WC3/2C-0,0902--0_0902---090902---0-,0902--_-09_2 ..... 0,'0_0_2---0_090_--0_ 0902 ......
WC4/2C 0,06_,4 0,0514 0.06_4 0,0614 0,0614 0,0614 0,06_4 0,06_4

W_bI2C 0i0360-0_0360 ....0,0360 ....0_0360--0-,0360---0-_-0350--0T0550 ....0_0350 ......

wC5[]2C 0,0125 0,0125 0,01_5 0,0125 0_0125 0,.0125 0,0125 0.0125
--WQb42C ....D_.... 0_ O. U, O, 0;. U, O,
W_5511 0,0050 0,0050 0.0050 0,0050 0,0050 0,0050 0,0000 0,0050

'WC5512 0,0567-0,0367 -0,0_61---0,0367 ..... 0_0367--090367--0_03_7 .... 09-0557-
_C052C 0,0417 0_0417 0.0427 0,0417 0,0417 0,0417 0,04_7 0,04t7

--WCI/2C 0,032

FIBAH 0,388
"-FCAHS%---O,285

FCAH54 0,750
" FCH551 1,00_

FCH_52 0,277

0 .... 0,0320 .... 0,0520--090320---090320--_-0-_0320---_0320--0-;0320 ......
0 0,3880 0,3_80 0,38_0 0,3880 0,3_80 0,38_0 0;3850
0--072850 .... O72850---O;_690--D_.2850-----_,285q]----XI-T, 28_--OT2BSO ......
0 0=7500 0,7000 0.7500 0,7500 0_7500 0,70U0 0,7500
O $i0000-1,0000- 190000--1i0000---_;0000 .... _-,-0000---1;.0000 .......
0 0_2770 0,2770 0,2770 0,2770 0,2770 U,2770 0,'2770
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, NASA,-USTEDLEC/TP4 CYCLE (TUHBQPROP COR-3 CYCLE)

f__ _o/2o/75
i RESISED TO SIMULATE A PROPELLER IN rRO_IT or TH_

--HI SS I0N-ANKC Y_ |$--CY ¢-__--D-/_TA- P_ c-R_-_

q
.._. CASE 25_00 26,00 27,00 2B,O0 29,00

BOOSTER

30_00. 31i00 32,00

®

C)

0
ALl 5o00, _ooo, 1oooo, 1oo00; 10oo0; lOOpO_,.___..ZgOOEL__,t_.O.;....

-Mo- 0,250 0_5o- 0_ 0 0,4_0 0__50 0,570 0,_/0 0,400
(i PC 5000 50 ou 50,00 50,00 50joo 50/00 50=00 50,00 _'

--. I # ..................................... _#

RC ............40mOO .......40,00 40,00 40,00 40,00 40,'00 40,UO 40,00

FNG 24152,6 22621,0 22356,2 17944,4._!7952_716486,_._k64Bg!3___8676,2 ........

(..... SECO ...... 0=4000---0|4037- 0,39_4-'0r, 4754 014646 0'15331 0,5209 0,'47B0 0

C

C

C

C.

DELTO 36,30 48,4[i 32,10 23,00 4,B0 23;00 4_0 23,30
TO _37,_.4 549,24 515,11 506 O_ 487;81 506/01 4B71_ 536,52 '_

-PO ....... 12=2278 12,227_ _0,1065 10,1065 10,1065 10,.1065 10,1065 13,9157
T_ 543,87 556,11. 521,_7 526,56 507,64 538/99 _19,62 553,93

--ETAR ..... _.,0180--1,0180 1,01Q0 ..... 1,01B0--I,0180 .... 1,,0-186---1--,01_0--1-_01B0 ....
P2 _3,002 13,00Z 10,746 11_622 11__6_.I 12L82_ _.2_.823 15,820

--P-227P2---O_9996----O-_9996 0_9976--0_9996 0,9996 0,9996 0,9996 0,99_6

M21 0,5022 0,4_42 0,5365 0,5198 0,5199 0.5143 .... 0,5146 _0;44_2 .... _)
--P22 ...... _2,996 12,99b --10,7_ ....ZI,B17 .....i_8_7---i-2i-820 _2,_18 15,8L4

--eLL.... .... .... ...... C
PAqJJ SEPR SEPR SEPR SEPR SEPR SEPR SEPH S_PR

Wp ""e,,.,_ 0," O, O, 0_ Oi _._;"_ O,

- PBD ........ 373 ,_354, 62 .... 337 m54--340 ,-29 ......34 i ,-25---353-\_ 54-_2-3--366 ;-5 _.......
T_)D 1542,3 _;,5_L9_8 1526,3 149Bi6 1450,6 :_5._I_,6 1462_3 1469;3

- WE)I ......... 0i225 .... 0 ;;_'_:,3_,_..--0,2 g 3 ----0.208 .... 0 _-2 i_.i,>'" 0 ,216-- 0--;2 _ _--2_232 ...... -
PI_| _.50 i16 $43,17 _'_,I_,_i 137,34 _3_ ,._4 143/55 _.43 _FJ8 ].49,54

--TB I.... _.-228 ;9_I236, 6--I-21"_,--_.-ig4]_'-._'ZI 5_,9---T_07 ,--0---_-I-67_-l--ii-n'!;-T_....

____HPE........ _................................__.o; o, o,  oo;o C
PCNF 09,495 B8;236 9,,2_4 08,_268 88;672 B7,104 B1,SZ3

--NF ....... 4216, i --M 156 i0...._4_'97,6 --4 _.86i 2 -;_fI"_]'_---4-177,3---4_03 _-_-_854 _.7 .....

P_NF* 87,397 8b _'21"_ 90,971___. B8,193 BS_211 _e_t, 985 87,024 79,1B3
- w2_----13 61-,-62__L_-B"Z'6;2I-Z-42 53-5:_ T395-;1-4--I395.-43-_3 8_,,"7-7-9.--1-3B_._,-._--[2-_3-,?2-----

W2 1,75F92_1132,65 ,l.039_;1._. 13.13,39 1134,15 11(_5,'03"1"_,0..7_33 _.305,54

" P23/22 i_-'_,4932....1,4628 -I,5512 1,4959- ii49,6,2- 1,:473_I---1,4_ 1.3743 .....
Z22/ 0,6436 0,6397 0,653.1 0,6027 0i6028 0,5794 0,579.4 _""0..,..5OO2

--_ _/_°0 --O..L_ 58 _ O., 8_8't 0,863L-_-/_._.jO6_,[. ...._ 8_34-- 0;86;'_ 4 ....0 " EFS-B.6......

HPFAN ?.7748, 25896, 2583_, _5480_ 25042, 26719, 2626b.,__._. 2_765,

M23 0,42"48""'0"i'420 O..... O, 4,.3.24 O, 4371 0 :ro_.33.,1.._)'-,'-'4"4"0"1_""0", :44U1 O, 4 ! 78
" P2bP23 --.I. i OOOO.... I i O00,q _l_/_-_.._-.t?o-_FO,_...C,r,.Lo_O-_:L-;oOOo--l-.-oouo---1-.oood ......

-- At_--E'_JI_3872,8 .... _72 _8 .... 3872 i B -3872 _B --3872, B--387_T8---_ 872 __ .......

C

(

567 K-

,.



C
NASA.USTEDLEC/TP4 CYCLE (TURBOPROP CORe CYCLE)

....%0/20/75
RESISED lO SIMULATE A PROPELLER IN FRONT _F TH_

--HISSIDN-_HA_Y$IS-CYCEE-D_TA--_CK%-GE

BOOSTER

C.._"

CASE 25,00 26,00 27,P0 28,00 29t00 30°_00 31zgO 32.t.00____

p25_..,_,_19i407 19_01_ 16,661 17_677 17;&80 18,889 i8,893 2_,7__
-P29 p" 1,, ooOo--ITb0 G--ITOO00---ITO 0o--
p25 %9_ 40_ %9,01_. %6,661 $7_677 17_679 %8,588 %8 _._ 21,732 ._

- g25 .......2t1885-"_-,_079 -I,92B8 " 2, I065--2ii065 --2,2905-.,_,_,"2923....2,4_QX ....
T29 620,8 630_5 60_t_ 601,0 579_5 6_,2_'I- 590t3 615_2

--M_5 ...... 0i4275 --014235_0;4339-0;44_2--0;4_i_'T'8_"4_57 --¢_4496--0_4244 .... _
W25 _063,62 1026,02 93_,,_2 _009,25 I027_. _076,93 !097_U6 1189,49

---- ....... --9
P28/25 0,9936 0,9937 0,9934 O_.9,,_T_ 0,9932 0.9931 0,99_ 0,9 37

T28 620,8 630_5 60_.,¢-Y'601',0 _-_ 612_1 590,3 615'2

--W28 .... 1063,62i026,021._C_62 1009,2_-i027_9_ 76-;93-_097_U6--_[89'49 ......
CV29 0m9970 0,9__" 0,9970 0,9970 0_9970 0.'_Q.9.70 U,9970 0,9970

AEZ8 265,1.._£ 2649,Z 2655,_ 2663i_ 2662_ B 2671_ -'2Y_i6 2649,6
--A28 ..... _._4_29,8 .... _729,2 2729=0 2729_l--2728,7--2729_O--272V_q_-2729,2- ---

V28/ 953,9 V40,8 97b,7 }.026_6 1008_2 1091,3 _071,8 _"Q._3,7
-_-_ ....... 0=833b 0_8133 0;86_7 0_924_ ..... 0-i9242 .... O.-9827--O-*-gBZ9---O_B_TY_L--

"-Z%C .... O-_IO-'-O_6543---OT6296---_T6BI2--O_6781---O_?_--_T_TIT90--O-_'67_'4-

C P24/% C 2,2856 2,2097 2,4046 2,3281 2,3275 2.2956 ?,2963 2,027_
-w%c _..........%30,03--_24,8_-139,2_ %30,49130-_71--_26'Z32--X26-,b4 ....11%,44 ......

"-( W%C 112_30 %06,63 10%,49 104,14 106_24 _08;10 110,27 X16,05

C.k,---ETA_C ...... 0,8729 .... 0_8729 - 0,8715---0_87_2--0_87_6---0_699--_8704--0_8726 ........
HP_C 6328= 5863_ 587p_ 5836_ 5736_ 6093, 597_, 5595_

C P24 29,705 28_718 25,829
- T24 ........709,6 ......717i7 692,0

M24 0m4244 0_4180 0,43_6

{i. 024 ....... 3,3005 .... B_1053 3,04_
P2C_24 019910 0_9912 0,9904

o

27_512 27_503 29,430 29_435 32,052 _.;
- 691i5-- 666_7 .... 704;B .... 679_6 ..... 695_& ......

0,4181 0_4_90 0,40?6 D,40B3 0_397%
Z,9792 2_99_0 ......3.0456 .... 3_0564 .... 3.167_ _
0,99_2 0,99_2 0,99t6 0,9V_6 0,9920

C AE21,) O, O, O, 0 = 0 ; O, O, 0, _._:
--Wg/W24 -Oi O, 0-, O, O= 0-,, 1]-, O

C " P2C .... _9_437--_8.466--25-_5_2---27_270--27.2-6I---2-9_-18_---_9_-I-87--31._05
12C 709,6 7_L7i7 692,0 691,5 666,7 704,8 67916 695,6

-PC NG --_ 02 _-193-I O2.-381--IU _80 I--1-0 O-i 5 %7----98 ,-759--_-_ 0.825----99T0_0---_9",- 3 _9
(__ P_N_" 87_37_ _7,033 86,137. 87,055 87;108 86,495 86,5_8 85,82_

-NO ...........14894 _--14921i ...._4037_---14649.--14393;--146_4; --_1-437;--_-4485;. ..........
..

PCNG_M 98,368 97,987 99,23.0 98,01% 98,071 97,381 97_460 96,63_

('_ -WARC2_O. ...........0_...........O, Ot Ot _, Ot _,
w2C 112_29 106,62 I01,49 104,%4 106,23 _.08;10 II0_7 i_.6,05

-W 2 C_ ...... 6 5-,5 7--6-43 75---6-7T_4--6-4-, 8 0----b4'__ 9 3--6-'5-_-46----6-5-m-_ 6---6 2;-], {]....

_

.."_. _

k.-.i
=

" |

f

,!



NASA-USTEDLECITP4 CYCLE (TURBOPROP CORE CYCLE)

__"_--- _0/20_75
_ RES|SED TO SIHULATE A PROPELLER IN FRONT OF T_i#

-.---_-I-SSION.--K_TA_y_-|S-_yb-'_E-D_TA--Fr_CK-A-G_

BOOSTER
¢

C

qF ¸

%,..

CAsE............2__i,09__2_6;0_0...._27;0o .......28,00____

P3/P2C 13,0415 i2,.8070
--Z_c .... 0T5-678--0] 5_3 3

(. ETAC 018662.. 0,8672
"-HPC -- 32563= B09_8,

RNI2C 1,3550 1,2922
_-.- '--p3/P2--29=5393-2B,05Z _

_3 5589 1218291

0,8634 0,8672
2_43_o .... 29166,

29/,.00z_o_,po z_.L__g_____2,0.0..........
C

t2La30:si2_44_69 12,4s_o 11_8567
0,5662 0,.5560 C,5575 0°5208

0t8670. 0,8689 0.86_9 0 8728 ""25774; 30267; .... Z986i; .... 30889o - "_

1,2143 _,2955 _=3543 ..... _.3544 Z.4_Z02___,49_9 ......
32,292429,605529,69_2. _8,3335 _8,41_6 23,8453 =

- 86 349 85P3 383,_0 _64,56 346, ,
, PS3 362,58 344,2_ 327,_0 330,29

...

.

f

(i

................................. 45 ;T3 _542,3--_49l8-- _526,3 1498i6 _ 0 6

WAR3_O, ........Om ........0_=....... Ot
-,3 ..... ion 48 1o3 oc _8 o4 io0 60

W31 95',05 90 ,'24 85_90. 8S:15

--83 0=2922 0_293J 0.29_6 0,2930 0t2929

--p4iP3----Oi946_--O-,-?459---O-_9466---O-o9458

350,85 363_23 28 377,10
364=71 355=77 ._

33_.,.20 3__42_,76 343 = .................. ,._
15_0t6 ],462t3 _469_3

0_,.......IlL_____Q, .......0,
102 62 _04"42 106 _3 llO,tO
89 = _i,_49 93 =,92 ,34 96 ,22____ _

0 294_S 0 2942 0 2946
_m

0..9-4540.9,_s 0_94-_-2---0=9457
WFH 9662°0 9131, 9 8818,0 853i=4 8340,7 8788,0 8589_2 8926,5

-ETABH - 0_9875--0_9_75 --0,9875 ....0,9875- -0i9875 ....0-,9875 .......0,9875--0,9875-- :"

FAR339 0,02824 0,02811 0,02851, 010_689 0,02577 0,02668 0_02566 0,02577
39 .... 3155,-6---_ i 55 ; _--3-156.-3---3052_-4---29 56-,-3---3-_5-1-[E---2955T3----29 7-1_-7

T4 3060,1 8060,1 3060=0 2_260 i O_ 2866;2 2960,0 2866_0 2880_L_ ......
- WAR4 .....0..............0_ .............Ot........ O! -0; ...........[];...... O= 0._

FAR4 0_02633 0;02621 0_02659 0=02507 0,02402 0,0_488 0_023_3 0,02399
-P4 ....... 363_21 -344,83 --328,35 -_30,88-- 33__80 .... 343[39 .... -344i-35 .... 356,43 ..... '

W4 $04_62 99,33 94,58 96,9_ 98,76 _00;57 _02,_9 Z05,93

C TFFC 15,93 15,93 15,_3 _5,93 [5_93 _5;93 _5,93 15,93
-NIRT4 ......_69_24 ....269,73-268,21--269i26-288_84--_70_09--_69m68 .....269,94
DHIT4 0,07198 0_07_99 0,07_97 0_07_96 0,07_94 0,071,95 0_07Z94 0_07Z?5 __

C -ETAT .....0_898_ ....0=8982 ....0,89_t--0,$982--0_8981---_3_8982--_89_2---0;89_2
HPT 32605= 30959, 29470= 29203; 2_810_ 30306, 29899, 3_02_;

-_PA__42;2_-----_T_3-_-3_;`73_3_7_75=-_3_--6_£--_3_9_-----3_?_--7_-39T[2

_11 P4/P5_ 3,876_ $_877g 3,8750 3,_805 3,8851 3,8803 3,88_3 3_8851
--P5% ......... 93,707--88;942--84,735--85_268--85_-403--88_497 .... 88TBEB---_f_742---

T51 _298,2 _298=3 2297,_ 221710 2141_3 2217,4 2141_3 2152,0

C --FARS1--O,02499-O_O2488-O,O2D24-O_02350-O-_022BI-_0236_-O-_02262--O;02275 .....
WAR51 0, O_ U, O, O_ b, O, O,

(i. MS_ 0_4822 0=4824 0,4820 0,4615 0=4808 0,48_5 0,480.8 0,48_5

(.

C.

."

P54/SX 1,0000
--P54 ........ 93,707

T54 2298,2 2298_3 2297,_ 2217=0 2t41,3 2217,4 2141_3 2152_0 ....
_-_R_4___T_2_99_-_._2.488-_-'_252_-_T_23_-_T_28-_--_T_23_-_--_T_-2_§2-_227_
WAR54 O, O; O, O! O, O, O, O,

-W54 ......110_07-I04,50----99i50--I0_-, 96 ....i03_9_---i05"; 82-I-07'84 i_-46 ......
TFF2TC 56,31 56,33 56,29 56,30 56;30 56_30 56=_1 55,36

N/RT54 '-87195 ...... 86;7I .... 89,65 .... 88,9_ ..... 88,85--88_7_ .... 88_8S-- 83_09-
DH/T54 0,09521 0_09347 0=09_03 0_09792 0,09777 0,09884 0=09873 0,0_947

$,0000 1,0000 _°0000 l_O000 1,0000 l,O000 1;,0000
8u_942---84,7_5 -85,26_ .... 8_403---88_497 .... 881628-- 91,742 ...... .;

=

©
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NASA-UBTEDLEC/Tp4 CYCLE (TU_BQPROP CORE CYCLE}

C -- 10/20/75 ........................... C)
8ESISED TO SIMULATE A PROPELLER IN FRONT OF TH_ BOOSTER

--+MISSIQN-AN_EYSI$--CYC_-"_Z--I_ATA----_.A-CK"E_E

C ............. 0

CASE 25,00 26,00 27,00 28,00 29,00 30_00" 31tUO 32,00
C ........................ Q

EIA2T 0,91_3 0,9114 0,9157 0,9145___. 0,91440,9141 0,9140 0;,905
-14p2T---34076_---31_59,---'3-1715-,-----&1--31-6, -3O_y_, 3)yK_25_-----3_36_---

(. RNI94 1!2345 1_1717 1,116_ 1,1686 lm2161 1..2127 1,2610 1,29)2 :_
-'--p54/Sb-615812 ....B13311 ....7,0221 .....7.0579-7_0646 ....7.2371 7,2809 5,:8648-

-Ppe ..........14,239 -14_048--12,067-+12,-081 12_089 ...._2-;228--I2V223--XPi643 ..........;_
T56 1523,9 1538,1 1500,7 1443,1 1389_i 1436,4 138211 1460,4

M56 0_3433 0i3302 0,3667 0,3677 0m3668 0,3776 0,3771 0,30)i

_!

P8156 0_9949 0,9953 0.9942
---FAR8 0,02395 0_02384 0_02418
WAR8

T8 1523,9 1538+I 1500,7

-P8 ........._4,166--I_,982---11,9V7
P_OPO 1_1585 1,1434 1,1_71

-M_ ...........0m47_7-0_4519-0,5119

V8 869,6 834,5 930,2
--CFB--_T0165--_iOI65--1T016_

CV9 0_9970 0,9970 0,9970
-+AEB ....

A+

0.9942
0_0E280

0, 0_ 0_ 0_ O, 0, 0, 0,
I14_?9_IoBV95---IO_T74---I-_6-;_O_8,_+z_O,-32 rlzi_ _ i16_-,3_

1443_i 1389_1 1436,4 1382_I 1460,4
- 12_011 12_019 --f2_154--12_-148"-_5_578+-

1,IB85 It1892 1,2026 1,2021 1,1194
0,5129 +015132---0+_5304---0,52V_-0,4132 --
915ii 899_3 942,8 926_7 746,9

---_¥0165--i,_I_5------I_-01_155_---I¥0_b9--_,.0155 _-------

0,9970 0_9970 0,,9970 0,9770 0,9970
846_31--_47,82-846,_0 --847_65-T--845_65---B47;20--b47i75---847,_ 2 ......

832,6 834,1 833_1 833i9 831_? 833,5 834_0 834_

0,9942 0_9_39 0,99_9 0_'995_
0;02f85 _;0226_-0_'021_8-_02_79 .....

r_

(_."

C.

Fp 10384_ 10113, 89871 17180_ 17184_ 23162, 2317;X, 18437',

..._,,F.,NU/.W 2....... .7.0., 5 4,,,,,,,.,,4_9., 9_7........ 2,,I,-,..,%,I,_-_+-i+6_:t ,2.... ,I,.,5+_3 .... I-'3;_+_I-3"-'r_6+-+-----'I-4-..,-31 _",,.,p'

- DIF-,PC ......0.6 .......0,6 ...... O,b 2 +_.---2 :,1 3.-6 3+6 1,9 ......

CD 0_1843 0mi843 0,1843 0,1843 0_1843 0.184_ U,18_3 0;1843 " -

-FDI .........134, 3 ---130 i8----116,2- --368 _-4---368 _,_----586_7 ...._87 i-0--36o 2 .... ._;
5WFHG 1,00000 I;0000'0 1,00000 I,O00UO 1,00000 _:,O00DO l,O00UO 1,00000

"-SFN_ .....l+i0000 ...._-3O00 o---1-_-0000--I_000 O--ITO O0-O---'l_ITO_O---'i_O00-0--i-700+0If

"RC_/2C
WC4/2C 0

WC512C 0

WCbl)2C 0
-WCb42C .... 0
_'_C551_. 0
HC5512 0

H0552C 0

0 0902 ......0_ 0902 ....0,0902 .....0,0902---0_090:2---0-,.-0+902--+0-;-, 0-902--0_0902 .....

0614 0_0(,14 0,0614 0,0614 0m06!4 0,0614 0,0514 0,-0614
0360 -0_036C .... 0,0,.f60+ 0,0360 .... 0_0360 --0+_0360----_',0360---0_0350 ....
0125 0,01Z5 0,012_ 0,0125 0,0125 0,0125 0,01_t5 0,0_,:_5

--- 0"_ O', O, 0, --0, 0", U,

0050 0_0G50 0,0050 0,0050 0;00_0 0,.0050 O,OObO 0,0050
0367 --0 _0367-- 0,0367 --0,0367---0_0367-++0_0367--0_0367+--0;0357 ....
0417 0_0417 0,04_7 0,0417 0_0417 0,0417 0,0417 O_04iX

+ t.+C172_ 0,0320--0;0320--0;0310 +- 0; O320 --0-_ 0320--0_-0320--030310--0 _0320 .......
FIBAH 0,3860 O, 3._50 0,3_0 0,3880 0i3880 O,3BBO U,3880 0,38_0

-FCAtt51--O_ 2850"--03 2 _ 5F"-O-T28 b 0.... 0 ,--2 890 ---OT2850----0_-2 B_ D---g_,-28 _0----3 ,2 850 ......
F.CAH54 0,7500 0_7500 0,7b00 0,7500 0,7500 0,.7500 0,75U0 0,'7500

- FCH551 1_0000 ......1_0000 .... 1;0000 .... 1,0000 ..... I_0000_i_ 0 _ 00---I _0-000--i_: 0090 ......
F'GH_52 0,2770 0,2770 0,2770 0,2770 0t2770 0,2770 0,2770 0,+2770

-J

, o
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' NASA.USTEDLF.C/TP4 CYCLE (TU.XBQPR..D_P- .CORE CYCLE)

L..- _,D/2(J/75
; RESISED TO SIMULATE A PROPELLER IN FRONT OF TH#:

---HIssIDN -kN-ALYS IS-C Y C'-_E--DXTk-'P_CK'-E_-E

(!

BOOSTFR
_b

0

CASE_ 33,00 34,00 35,00 36,00 37,00 38";00 39,U0 40,00

.

ALT 1500,
--MO 0,400

-_C ..........40;00
FNG _8668,1

( .... SFG Q ...... 0,4674

1_00; 1500, 1500_ 1500_
0,_00 0,400 0,_-00---5-T4-_0

.50,00 5o,ou 50,o0 ....50i0o
" 40,00 ...... 40,00----40,-00 40,00 ....

014709- 0,4804 0,5062 0,5375

_50o_ Zoooo ,__29_;___
0,400 O,6UO 0,600
50.;00 ....P.OI.U.O......50,00 ._
40;00 40,UO 40,00

3Z__,___Z_.Q_._23sI,4........
0,6066 0,_2_5 065007 '_

.

C--"

c

(;

_...

C:

DELTO 5,10 5,10 5,_0 5,10 5,10 5;10 22,60 4,50
TO 518_42 _1B,42 51_,42 51_,42 5_,42 5I_,42 469_95 451,_5 :_

--P0 ..........13i9167 i_,9167 _3,V167--I_,9167"_3,9167-13.9_-67--6,76_4----6,7534

12 535,06 535,06 535,0b __535,06 535,06 535,06 .b03,92 _.4B4,Sp..
-ETAR ..... 1,0180 1,0leg -1,0180 1,0I_0--1,0i_0--1.0180 Z,01_O _.01_0 "_
-P2 15,819 16;_19 i_,819 15,819 15_819 1_,819 8,7/p_,772
-P227P2---O_gg?6--O-;gQgS---6,_99_O,g996---6Vg_96 0,_¢96---gT9-9-96 0,"¢9_6----

M2k 0,4493 0,4102 0,36_i 0,_245 0,2997 0,.2721 U,5417 0,5 _8
--P_2 .........15,813-15,815 ....15,8_3--15,013--15;813 ....15;8i3 8,767---8i_59 ---

"-PTA'TTI----_-E'-¢R-...... _'E_F---"'S_i_R" _'S_">".R'.........S_Pl_ ' _'tSE pq......... SEPR"..... SE._-'"" '"

-_BZH2C_.-_,oIBg--o-,o2IO---OTO239---OTo2B_I---o;-O-3-_ o.o_ u, o0-2-0._.0-0-2-_ -
we ....,,0, o;' 0, o; o; o; o,,,,,--'_o,

--PBD .......367"_35_ _I 6,r53----'262,'85---205,B3--'I"75.''63"_--43",8_-_62-_-42---263v-21 ....
TBD 1424, 4 ""'1,,.I.,63,& 1292,B 1208i6 I155,8 i09,4.i'3 1457m5 1407,0

-WB l ......... 2,236 ...... 2:,'21 .I/_..... 2,-_._ 3--2 ; 15 _----2 ;-_34_-tI5----0,-I-63 ..... d ;.1,5 7 ......
PBI 149;88 151,25 ....1.11,52 90,55 78..jrr'j'_''- 65;95 I05,09 106,15

B I_11 40,-3--i09 6;-I_I 04:zt-_-5----" 9 B 3 ; _ 5_ 2-----9"0 __--[_---I-1-6"I:)TT--J._9__ ......

.. HPE .......... .'!'_00_, _0_ __1_0_0_m.0 .... I_O_O_,_O__L__.____O_O_'_O %____._00 ,,_.0________O_m_______O_m.... C

PCNF 80.433 74,927 68 s,.,,._,_60,945'"_55 _2B3 48',772 89.076 87,3_6

....NF ............ 3789,2- _529,S_,3{t'_r4,1----2871i 1---- 260"T4_."j _.,_22e)7,6 .... 4196i4 .....4115,4-
PCNF. 79,192 73,_u't "_ 67,5?0 60,005 54;430" '_4&,._.9 90,370 90,353 -"

'-W 2, ......_,253; 87 -_.:1-/_. _1 G-I 070.137 _958 ,[1-_ B92_ [_1---8j. 8' ,.23_--!-4-34-_v 0---t-43 5__ E ......
w2 1328_..._.4"'_1Z36,501133,52 1014,90 945,83 866[83 "'66..8,_9 886,06

- P2:5/22 ..,.I_744 1,304G I,2329- 1,1591--1;1211 .... 1.0P,16---I,5"Z70..L--1-,5272 ....
Z22 f._ 0 ; 5802 0,5651 0.5652 0,5404 0,4862 0 ,.3992 0,60U6 "'O-_.b...O36

HPFAN 24339_ 18876, _.3614, 6654; 6333, 4205. 20Oh>, 19687[

M2..] 0,4 l"7_.b,.._.Q.j 3.._ 9 0,3582 0 ,.341J_...-0 ._,41-94-_ 0", 4"-432 0.4432
P2 P23 1,0000 1,0000 .k..-.O_.OD...._-,_;"OOI_O.--,,-.,1.j_..O_OI.,0000 1,OOUO 1,0000
H25P 0 _4_J,.2.._.-O._r'_"l_FO,$946 0,3703 0,35 _,_'T.3.352,.,....0,4471 0,4471

--_872,8 " _872 i8 - -387Z, 8--3872 ;8---3872 ;8---3872 ;8--_'_0 ........._

("_ 571 ,-

_o,-
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NASA-USTEDLEC/Tp4 CYCLE (TURBOPRO m CORE CYCLB)

- !U120175
RESISED TO SIHULATE A PROPELLER IN FRONT OF T14( BOOSTER

--HISSIONI_ALYSI_-CY{LE-DXT_-PACKAOE

t"

@

®

__As_......... 33,00.___ 4_;_0_0..... B_, 00____6,00___Z_ 0_0 3B_'LO0 _9,uo 40,q.q__
0

#'24_ _ 21,733 20;620 19,489 18_328 17',_? .LZ_,_0313,;587 k3,_._
•-P 2_ 2_"I'_z.T.J.Too 0 o--_T 0-0--0-0----_T 0-0q'0---i'; 0"000_iT_'0"0"0-----_, b_O0_ _--db-0_-----_:00"00 ........
P29 __1"_Z_3 20;620 19,46y_ Z8;328_.17',727 ..... !7.,10_3___13,3____13,3)Z .... ,:_

--Q25 ....... 2,41_}'1--._._i1785 - 1,90_}4. 1,6007 t,4257 1.2316 ._'"6"r3'_5 1'6344
T25 594,4 "_8,_.15 573,0 562i2 556,3 550,_41" 57V_1 556;9

-M25 .......... _i 4243 .....0_ 41_9_- 0; 3946 .... 0, 3703- - 0,3539 .... _W$'3"32--0_-4472 ---0_-4472 "_
W25 1210_19 1131,11 !0-4P..128 939,27 878,Q_.""809,'49 786,90 802,_,

--P28 ..... 21,595 20;497 19,381--18i'_3,7L___].7;646---_7",-()33---_.3-_294---i3_299- ""
T28 594,4 684,3 575,6 ''r 562i2 "556 _3 550,4 579i I 556'9

--W28 - 1210,19 I_31;iI 10.42128 939,27 ....878,9(K_-809;49---786i90--802,S_- ._
C929 0,9970 0,997.0--0,9970 0,9970 0,_970 _0-_9_70 0,9970 0,9970

AE2_ 2649 _4.-'" 2645,2 2642, _; Z644i0 2645,2 2646,6 _'_,678 _3 2678;4 -_:

-A28 - -_7_9,0 772c), - 2729,0"- 2729i0 .... 2729,0 ....2729,O--272B'-19__--2729;'0-
v2 .J"  08i 6 2:0

-1128_'- ..... 0_8176-0,7645 0i70 - 0,6335- 0,5922---0.5450--I.00U0 .... 1--,0l_0(] .... _

9 1,4328 1.3275 Z,4108 2,4152
9---_3,18 --54,12 .... _34-i_5--134,_3
3 66_93 57_33 81,49 83,24
4 .....0,8401 ....0;8403--U¥86_2 .....0T86S7 '

, 15519 _044, 460_, 452L_

--116-_--0_6731_0,--6995----0,--2232---_,--270

P24/1¢ 2,02?3 1,8796 1,7133 1,539
r - WIG# - _11_53 99,48 - 86,22 71_3

- W1C 118_15 105,39 91,34 75,6
(_ ETAIC 0,8728 0_8685 - 0,86_9--0,851

HP1¢ 5502, 4352, 3202, 2118

( "

C,

P24 32,057 29_706 27,092 24_349 22_656 20,992 21,1_7 21,197
--T24 ........ 672',2 ..... 656,7 ..... 638,3-617i6--- 603,4----588,8---670_-4 .... 644_6 ......
M24 0,3974 0,3741 0,3464 0,3094 0,2887 0,.2613 0",41_3 0,4190

-024 ...... 3,1727 2,6384 2,0918 .... 1,5258--1_2470 .... 0i9566--2_29_4 .... 2C3049-
F2C/24 0_9920 0,992_ 0,9937 0,9949 0,9955 0,.9_63 0,9212 0_9912

., -P2C ........ 31_800 .... 29_'a91- 26.923-24_2
T2C 6/2,2 656,7 638,3 617

- PCNG ........ -97 ,-736-- _;5_',I-72---9-1.80-3--- BY,-2
PCNG_ 85,855 84,583 82,761 79,9

-NG ....... _4244, ..... 13870_--_.337Y-_ -- 1271
P.CNG_H 96,660 _9,22_ 93,166 90,0

-WARC2C
W2C

-W2C_----

,6 603.4 51_.8,8 670,4 644 6

60 78,439 76,415 87,069 87,.119 ..
6 _---_. 2330 _---_ 866i----I-4427, --1;_ 15 _ _ ........
23 88,311 86,033 98,027 98,084

o; ......o;..........0,..........o,.........o;.......-_. ............o,.......o]...............2
118,15 105,39 91,34 75,63 66,93 57;33 81_49 83,25

62i 16_b 9-,09-----55T_ _j--50 ;07---47_ 0-4-_2-_ 93_6_'_ 3--6-4.95-- --

( - ......

E
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! N ASA- US TED LEC/_T __4___CY CL E__.(_T_U_H_.oP__R_OP__C_O_R_E.._Y__!

-C ....10/20/.75
BESISED TO SIMULATE A PROPELLER IN FRO_T OF TI.]_

.... MISS ION--_HALYS I$-CY C_-E--D-A-T;_--PA-CXA-A_-E_

,

BOOSTER

0

0

r*

(,.,

CASE 33,00 34,00 35,00 36,00 37t00 38;00 39LUO 40,00
....................................................... _--- - ......... 0

P3/P2C 11,88].0 11,0455 %0,0552 8,7598 811_334 7t___2jS_47_S856
--Z2C ......... 0_5;725_ .....0-__0 OZ-" 0-,48 _ Z 0,4811 0 =48:L4 0v4866 O, 566__5 0,567S

ETA{: 0=8727 0=8753 0,87_7 0,8695 0=8648 0,8550 0,8668 0,8657 :_
-HpC ..... 30462i ..... 25401_ 2026_,--15031_ .... 12370_ ..... 9539-_---?Z:L7_4=---2S.850,_ '---

RNI_C ].=5643 1!4927 1,4112 1,3229 - 1_2679 1,2122 ],,03.62 1,0875 ........
.,g,- --P3tP2 2_i8930 -20,6002 _7,i179--Z3,4202 11=4587 9,3898 30,7707 30,86_5

p3 377 81 325 75 270,71 212,21 ],81'19 148_48 269tul 270,52
PS3 356_41 306_89 254,63 199,16 169_81 _38,92 254,70 255,45 "_

(..i

C

C. -P4 ......
H4

_.wAR3 .... O, ._Q_ .......... Oe......... Os ......... 0.,.... _----
W3 117, J.3 99,81 86,23 71,06 62,66

_H3% 98,00 _7,2b 75_3], 62,02 54,65
M3 0,2945---0_2974 0,30_0 0;3060 0,3090

I_.,_ 0 = _0, ...............

53;39 78,72 80,42
46,'53 68_97 70,46

0,3126 0;2_29 0,29_9

o,938 o, ......--p4/P3 ..... 6,945_---0-i944-b---0T9426--0_ _4_0_ .... 0,9396
WFM 8724,8 7034,7 5381=3 3782=7 3012,1 2266, 4 6438_9 6283,3

-ETABM .... 0i9875 ..... 0,9875 -0,9875--0,9875 .... 0_9875--d_98_5----0_9875 0-,9875 ....
FAR339 0,02473 0_02?41 0,01985 0=01694 0,01531 _,01353 0=02593 0,02477

--T39 ...... 28Bl_3--2705_7--2_-_I_O--22TS_3---__3_9----{975'-CB-_g7_]-4_2_B69t 0
T4 2792,% _625=5 2434=4 2207i2 207i,8 _918,4 Z880_0 278_,2

' FAR4 0,02303 0=02086 0,01847 0=01576 0,01424 0,01258 0=02418 0,02339
357,07--_07,50 -255-_ ],99,64 ...._70_25 .... 139;30--255=16---255,_t ....
107i68 95,63 82,41 67,7% 59i60 50;68 75m 16 77,_2

C TFFC 15,93 15,93 15=Y3 15,93 15_93 _5;93 15,93 $5,P3
-N/RT4---_69,57 ..... 270,69--271=_7 270,67 .... 270i88 .... _70;91 .... 268_3--268,4% .....

DH/T4 0,07194 0_071_B 0,071_0 0=07165 0_07_48 _,07091 0=07193 0,07%)1

C ETAT 0_8982 0i89_2 0,89_2 0,8982 0t8962 0 8983---0,89_i ......0 898%
HPT 30600, 2_533, 20380, _5%51_ 12488, 9754, Z2204, 21879_____

--HpALJX----37,-96--3_L_B6---25,y4_20_2_--[_,,_7--_4T?-4-----30-_-_3----29;-_7-

c. P4tPS_ 3,SBgB B_8974 3,9066 3,9136 3_9120 3 8778 3,88_0 3_8883
'P51 .......91,797--7_901 _ 65,337 -_1,011 .... 43_5_?-35_922---65t71E--65,8t4 ......
T5% 2081,2 _94B,6 1797,5 _620=9 1516,5 1401,2 2_52_5 2073,0

_ --F'ARS%--_0302184-O_O_970 0,017_t 0_01494-0._01349-_01_92-0-T02295-0_02_)2 ......
WARS_ O, O_ O, O_ O_ 0, O= O;

--w51 ....... 113_--I00T7_-----86_84--7_-_-38 .... 6_8_--53_-46----79-_--7_L-----8I336 ....

( H5% 0=4809 0=4796 0,477_ 0,4755 0,473I 0,4656 0_48U7 0,4800_

..

P54/5%

- P54 ....
154 2081,2 1948s_ 1797,_ ],620=9 15],6,5 140_,2 2152=5 2073,0

-.FAR54--_2_84--_?_97_-_1?b_-_T_.%_49q-_D_%3_9_-_-_'_-1-_-92_--_-_IT22_Y5_2_72

HAR54 0, O_ O, O= 0, _, Ot O,

-W54 ..... I13;41- 100_74 ...... 86__4 ...... 7_-_,3B .........6-2-i-B-4------53__& .... _9-=7:!_-----8I;36 .......
IFF2TC 56_36 56,36 56,_5 56,34 _6,24 55;71 56_Z8 56,29
NIRT54 83_06 .....79,96 .....76,28 ....71,3_ .....66_88 ....61;38 .....90,45 ......90i39

DHIT54 0,08936 0_08364 0,076_4 0_06568 0,05846 _,04753 0=I0_66 G,$OL46

_,0000 1,0000 1.0000 %,0000 1i0000 1.,0000 _,,0000 1.0o00
91,797--78_901 ....65,-337---5_;-01_--_3_-519--35-,92_--65_7_i_6_,8t4 ...... ,_

",.v
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C.
NASA-USTEDLEC/T_4_CYCLE(..TUHOQpRO__CDRE .CYCLE)
_0/20/75
RESISED TO SIMULATE A PROPELLER I_ FRONT CF TN_

....HISSIONANKLYSI$-CYCE_TE-PACK_GE

BOOSTER
0

Q

"_ CASE 33_00 34,00 35.00 36,00 37,00 38:00 39=U0 40,00
C.,

E_A2T 0,9051 0t9007 0.89_B 0,8897 0,8035 0..8775 0,9165 0.:9_54

( RNI_4 I,3487 It2463 I,Z278 0,9867 0,9057 0.8156 0,9303 0.97%1

-P54/56- 5_8704 ....._t%842 4,4037 3.5175--3i032%--2v5259 ..... 7.74Y2---7_7657 .....

0

0

/ p ---P56........%5,637---15 _220---i4_837 .....14_5 02-- IA_ 353---t-4_-221 8,4_0 8,474

156 _408,3 _350,4 1286,2 1214_0 1172.4 i126,4 i368tI 1312_2

M56 0=3045 0,2685 0,2_87 0,1845 0=Z603 0.1342 0,404b 0,,404t

0

P8156 (I,9959 0i9968 0,9976 0.9984 0_9988 0,.9_)9_ 0,99,51 0,993%
-FARO " 0,0209.1. 0i0.I.894 0i0.I.67_ 0i0.t430 0;0529.1.--_,0_.140--0_02:t-9.9--()-_C12_,3_.....

WAR_ 0 0i O, O, 0,_ _, _ o, O_

( T8 1408,3 1350, 4 1286,2 1214i0 1172.4 I_26,4 _68_t 1312,2 "_'

- P8 ...........15'573 ....$5;170 " 14,801 - 14_479--14_335 ....14,209 8,4_---8t4_5 .... -" .=
P_OPO 1,1190 %,0901 1,0636 1,0404 1,0301 1.0210 Z,2469 1.245%

" -MO .......0,4121 - 0t3597 0.3031 0,242t-- 0,2091 -0,1749 ---D_805- -0.5798 ."
,.,.a

VO 732,3 628,9 5_9,7 405,3 34_ ',8 2_3,3 _,O04tO 081,7

-Or 8-_-_0 _.__---:I..0165_-1.0_. 69--.'I.,'016S--I-TOTC6 b'--'_-,I]i65---_-,0I 6_,0155 .......
_Y9 0_9970 0,9970 0,9970 0,9970 0,9970 0.9_70 u,9970 0.9970

-AE8 .......848,32_-_46,83 -846,84 847,36--_849,23--846,'72---845t94---846, 75 ....
A8 834.6 833.1 833._ 833t6 835,4 833,0 832t2 83,3,0

<._., .................
FD 18440t _7165, 15737i 14089_ 13130_ 12034, 17219, 17227_

'-.F-N_U_--4__-I-_-r_-_----_9-, 8_-------7.-r_Y_--.----5_,-2_-_,-_ • L'_ _ ,3, _i -..
- DIF'_P8 .....1.9 ......2i2 .... 2,7 ..... 3_7 ....... 4,6 6_3-..... 3i-6........3,6 .... :

GD 0m1843 0t%843 0,1843 0,1843 0i1843 0.1843 0,1843 0_1843
C -FDI .........360,2 ....335i3 ....307=4 ---275i2 .....256 ',5.....235 i1_--450 i3.-....450 o2 ..... _

5WFIIG I, 00000 lt00 nn'_,.,vv_., 00000 1 ! 00000 I, 00000 _,00000 1,00000 %,00000

-SF NQ'"- Ii 0000--i-i 000 O---l. 0000 --I ;0000--i_ _,0D O--l_-O0 _0--_,--0DO O--_TO-_O

C

C.

_IC3120 0,0902

WC412C 0,0614

C -wC_I_C o,n_eo
WCbD2C 0,0125

-WCb4_C-O,
(i. wCbSI& 0,0050

HC5512 0_0367

W0952C 0_0417

(i -wql/zC 0,0320
FIBAH 0,3880

C

0i0902

0_0614
-0,0360

0,0125

O_

0,0902 - 0,0902 ....0i0902 ....0_0902 ....0-_0902----0_090_- "
0,06&4 D,0514 0,06&4 0,0614 0,06%4 0,06_4

-0,0360 " 0,0360 .... 0_03_0 --0,0360 ......_,0360 .... 0,0350--
0,0_Z5 0,0125 0,0%25 0,0125 O,OIZ5 0.0_75
O, 0, 0, _. 0, '0..

0,0050 0,00_0 0,0050 0,0050 0.,0050 0,00_0 0,0050 ..

.....0i0367_0;0567 0_0367 ....0_0367---0-_0367--0_0367 ....0_0357 ....
0_0417 0,04_Z 0,04_7 0,04_7 0,04i7 0,04_7 0.0417

"-0;0320---0_'0320- 0_0320--0_0320--0"_0320--_-'_0320---0",03_0 .... -.

0,3S80 0,3880 0,3860 0,3R80 0,3880 0,38_0 0,38_0
-F,CAU5 %-- 0i 2850 .... Oi2850---_; 2650--0 _ 2850---0 ;-2850---0.-?. 850---0-_28 _ 0---0_ 2850

F_Aflb4 0,7500 0,7500 0,7b00 0,7500 0,7500 0,.7500 0,7500 0,'7500 .i
-f.CHbbl _,0000I_0000 --_; 0000-1, 0000 .... 1_0000=--1-,0000--1,_0000---_0000 .... _"

( FCH)S2 0,2770 0,2770 0,2770 0,2770 0i2770 0.2770 0,2770 0,2770 .....

=
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  SA-USTEDLEC/Te'CYCL (TOR.HOPROPCOR"CYCLE)
REsIsED Sl.UL,tE I" r,o,t or

f

.... H ] ss I ON-ANX-L Y S I B-C YG'I_E-DX TA----pA-CK-k-BE

C

BOOSTER

@

OASE 41,00
..........................

C
ALT 20
MO O

C' Pc 5
HC 4
FNG 98

(..... SFCO..... O,

42,00 43100 44,00 45_00 46';00 47m00 48,00

000, 20000, 20000, 20000;
760_---o_6o6 0,_'o0 0,700
0100 _0,00 ......50,00 __50,00__.
OiO0 40,00 40,00 40,00

74,1 7408,0 4940,1 12913,1
5134- 0i5276"--0,5b_6 0,5649

0

7EL-TO
10 45

--Po ............ 6i753
12 484,5

--ETAR ..... 1,018
P2 8

M21 01494
-P_2 ......8,76

2oooq; 2oooo,. 2ooo0,_qoo; ......
0,700 0,700 Oi7UO 0,800

.5010o__50;00 .... 50,00__50,00.
40,00 40,00 401gO 40,_0

12913;5_iIZ14,4 !!716..#i._.11_62;8.......
0,55_1 0._5665 0,_5_6 0,'6_33

4T50--_30 4_,50 22,60 4TSo 22,'60 4,_0 22,50
1_85 _51,85 451,_5 469,95 451,85 469_95 451m_5 469,95. _.

4 ....6,7534 6,75_4--6;7534-617534 6_534 ..... 6_7_64--6;7534
2 484,52 484,52 516,18 496;31 516,'_8 496,6¢ 530,32 ....

2 8;772 8,772 9_537 9;540 9,532 9,540 %_.4_0
6-----0-,-9006----0-;-9996-----_-7999&-----0--_g99_ O_-9_---O-'-_-_-Vg&------O,9-9)6....

0_4469 0,3967 0,5540 0_5540 0.5319 0L5_20 0;520_
- Um769 ..... 8;787 .... 9,533 - V,536--- 9,_33 ...... ym_6 _0m476"- "

- PBD ....... 226;3B",,,;_89,3_-I48,56-290;86 ....291;70--272C6_ 273_--67---283,5& .....
• TBD 1344,6 I]_'7-(_40 1190,B 1498_2 1446;5_5 1418_6 _482,3

(_-'-_WBI .........9;148 ....0;I_'_,.0,I06 .....0;178 .....0;_B.E.,_"_0_169 ....03-173_-_3%76 .....
PB, 92;50 78,86 _B_.3 117,42 %_j_,_? I_0';78 111,02 116,_4

-_I_-_72;6-_-_22_5_6_;_i`_4_._;`_5E_6---_'_-_2_--__I-_1-_6_;_ .......

C _HPE......... __.p._..... _______2.,__9, _0____,_______2o_..... oL.......... C

PCNF 8Z;397 74;867 67,._-_0_J_- ""_-9_,352 8_77 88;876 87,_47 88,451
(- " NF ....... 3834,6--_27,0_;-_61,6-4303,6 .... _220_187,0 ..... 410515---4i66,9 .... ._

- PCNF* 84,217 77_$.ff"_ 69,439 91'57_ 9_;572 _'_P_.091 89,088 87,47_

C W2 83_ 771,16 701,4Z 946,91 966,09 921;65 9"4_d5 903,)2 :i

Z22/ 0i5581 0,5k43 0,47E5 0,6059 0,6056 0.5074 0,5869 _;-_32

() _'__`E_;_5-._52_._.;8_3k_0;_6_5_;_.625_:_:_;_8638_:_65_:_:E;_ ".....
_..._56__1664 7765j...23_73_......_274_._,..._.,,1_g9 , 2(}63.ts_ 2_._0.:;5; '"

M23 0_4381 0_42_-7 .... 0'¢414._.._0,4_2_._.0.+._,_"_0_,.4_3 0,4464 0,4429

M25P _._._.,A45-l--'_T_3"99 0,42_6 0,4490 0,44_0 0_T'¢'¢85--.-_.__ 6 0,,44_6
( -A_2_ --_872,8-_872;8--_872_8----3872;8---3872,8 ....3872;8--_872m_T---'3_._(LL:--
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NASA,.USTEDLE:C/TP4CYCLE {'TURBOPROP CORE CYCLE)
C; - _,u/2o/.75 ..................................... ©

REsIsED TO ._I_ULATE A PROPELLER IN FRONT OF Th_ BOOSTER
---MISSI0NA MhLYSI$-C YCLE--D-KTA-P/_CK-A_-E

( c_

(,......CASE 41,00 42,00 43,00 44,00 45;00 46 _pO____47j O0 48,00 ........
................................................

PK_P 12,548 11;683 10,776 14,757 !4_761 14,341 i4L344 15_-4-"d'6-

( P25 _,548 i1,68_ 10,7Y6 14_756 14,761 14,340 I_,.__4 15,495 -_
" -Q_5 .... 1,5TQ..7./ 1_3863 - 1,2Z45 1,8138 1,8145 1,7594_,7604 .... 1,9074

• T25 545,4_"',,._5.33,2 519,8 595i9 573;0 _Q.07_ 567_6 602,9
-M25 "-0,4452 O_'g_ 0,4Z_6 0,4491 0,449Ii_'0",4486 --0,44_6---0,.44_7- - _

W25 757,58 706,64"_8,32 857,9 O 875._i"6" 837/00___.8_53_59 895,B 4

-P28 ..... _,,462 _1_604 -i0,727 /_14,"_-5.3-14;658--i4;2_I ...._4_244--_5i377 --

128 545,4 533,2 519,8 .....595_9""'_5_3,0 590,2 567m6 602,@

, -W28 ......... 757,58 706,84 I_4E, 32 857,90-87_._-837;'0-6--853_89---895,-84 ......

CV29 0,9970 0i99_.010,9970 0,9974 0_9974-".,0..,9973 0,99/3 0,9977

(. AE2B 2670j2 -_ _561_6 2_51,8 ?687i1 2687_1 26P4,8"'"_669_1 2689,7 _ =
--A28 - 2Z28",4 _729i0---2729,0 2729iO-2729;O--2728;8----27E?r_---2729,O-

V28/1025,6 958_0 879,3 _09_6 1071;4 _087,4 _066_3"'-I_9i0

-_B'" ...... 0i9775 0m914i 0,8402 1,0000 .... 1i0000 .... _OO0O--l_O-DO0---£-vO_t)O_ _ -- 0,..

C

-- (

-'Z_C ..... 0]-7139--0-_5_6--0-,-7932 .... g_?1_2--O-_-7_I2----5,_..'T1F4---g-_279---O-,_6_
P24/1C 2,199_ i,9989 1,76_ Z,4687 2,4674 2,3808 Z,37V8 2,3300

--W%C_ ....119,77 %04,17 86,_0 136,89 137_08-i30_18 .....%30,-_4--124,_4

W_C 73,94 64,31 53,_9 09,01 90_93 84_65 86m46 88,08

" ETA%C ...... 0i8677 --0i0614 -0_84_ 0,8675 ...... 0i8600 .... 0-,86-68--_'8674--10_-8646 -
Hp_o 35411 2689, 1822, 5298, 5200i 4814, 4724, 50L4,

(. P24 %9,204 _7_528 15o_05
--T24 ........ 625,8 .... 607,9 - 585,7

H24 0_3990 0,37_6 0,3398

C. " Q24 .......... 1,9243 %,5400 -1,16_/

P2C/24 0_99_9 0,?929 0,994_

2_i534 23;530 22:696 _2,695 24 410
" _-1_4--664,8 .... 683,-6 .... 6_7i3 6_7,8 -

0,4177 0,4105 0,407_ 0,4082 0.3953

2,5435 2,fi53_ ..... 2_3488--2_357_ ...._,4033

0,99%2 0,9912 0,.9_16 g,9_16 0;'9920
__z ........

(_ AE2D 0, OV O, 0, O, O, 0, 0,

-WBIH24 " O_ .......... O_ O, O, 0_ O, 0, O,

0

0

©

(i

LI

(i

-P2C - --k9_128 .... _7T403- 15",4_3"'Z3_328 .... _3;3_3--_2;-506-_-2T503'_--2_2_5 ......
12C 625,8 607,9 585_7 691_4 664,8 6(i3,6 6_7_3 697,8

-PCNG ...... 94,540---9I";583 .... 87;36E-LDO_4B3 ..... 98_591_99-;3_5_97_:_27---99;'639 .......
PgNG* 86,070

" NG --£3778i

PCNQ_M 96,902

WARC2G O,

_2C 73,95
-W2C_ ......

@4,597 82,2_.0 87,052 87_084 86,500 86,543 85,902
" _5347_-J. 2732,--14644_-14369i ....... i4473_--E4_99i .... 1-452_; "

95;244 9_,556 97,985 98_044 97,386 97,4_5 96_7%5

0_ 0, 0, O, §, _, 0,
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NASA-USTE[JLEC/TP4 CYCLE (TURBOPROP COR: (;YC E...................... _ ............... -_..... .L!J
(_.;---=o/2o .75, .ESlSEDToSI.L'LATE, PROPELLERrRO TOr

"--H | SS l QN--A NAI:YS ! _-_YC'_FDk'TK'-P ACKAG E

(! .........................

BOOSTER

(,

C

13ASE 41=00 42,00 43,00 44 O0 45,00 46;00 47100 4B !_0_0-......

0

0

0
P3/PEC 12,1754 1!,1995 9,9333__.1.2,8186__2.i8589 _2,4575 .l_?,49_g__12_n499

--ZZC ....... O;552C--O;527T---OTSzz5 o_5654 0,5#60-- 0_5573 o-_5590 0",:$472 .....
ETAC 0_8698 0_8724 0,87_B 0.B670 018669 0,8687 0,86_6 0,8733 .:_

--HpC ..... 18215_ -14652, 10904, 24917, 2_5531 ..... 23035_ 2268_, 23958,
RN|2C lt0276 0_9693 0,89?3 1,1084 lw1628._ _,08421,1376 .... _I376 ....

--p_fp2--26,55822_,227__7;45_4_-3_,368031;4487 29v4099 _9,48U3 27,85t8

--P3- 2 32,89"--_ 4"T_-_91 153,10 299,03 299;91 280 _3-6 _8Z,13 291,78

19,58 _83,48 243100 282.3_ 283,11 264,'54 _65=_4 275,17

0 i 0__ 0 _ " _-'-B7 0, ........... 9 L _ 0 _ .............7i-44 62_13--- 5i-_-35_= 85-99 -B4-- 81-78 83_62 85 OB
m I L I

62:59 _4,43 44,?_ 75,34 76,96 7k46_5 7_._____3j._874:55

0_2954 0,298V 0,3038 0,2929 0,2929 0,.2943 0,29_2 0,295_ ....

- PS_ ........

_._W^R_.... o,
, W3

.,

WFH _069.6 _908,7 2749,7 729511 7_16,_ 6635,7 6474_5 684_,5
-ElkgM .... 0i9875- 0;9875-0,98750,9875 ......01q875--0,9875--0-i9875--0-,-9875 .......

FAR339 0,02250 0,01995 0_016_8 0_02690 0,02568 _,07572 0_02468 0_02551
--T39 ....... 2697,7_2502;2---22_2;O---_052_6--_94BTT----2969T6----286__2_69__ .......

T4 2615,9 _426,9 2_96,6 2960_ 2858_8 2879,8 2701=3 2080,_
..... t

--.AR4.......0,-- O_..........o;..........-0-;..............O;........._;............o;................_;............
FAR4 0,02098 0,01060 U,01683 0_02508 0,02395 0,02398 0_02291 0,02379

...... 220_00--_83;86--_44,_4--282,82--203,_2-- 265";02---_65_73_-275,5_ .......
68,54 59,47 49_02 82,83 84,52 76';69 80=_9 81,96

C Trrc
--N/RT4 ....

DHIT4 0,07
( ..... ETAT--- _,_

HpT 102
-HPAUX ..... 24

__ P4/PS_ 3_8
P51 ..... _6,

TS_ _94
C --FAR_ ....0;0_

WARS_ 0,

15;93. 15,93. 15,_3 E5 ,93 15,93 _5_93 15,93 15,_3 -_'._.
269,39-270,9_ --27_,72 .......269,16 --268;73 ......269;69---_269i2_--270i59-

190 0,07186 0,07172 0=07192 0,07191 _,07194 0_0719_ 0i071;2
9820,89_2 0,89_2 0,8982 --0,698_ ....0.8982 ....0;'89_2 ....0,89_2
40_ _4673, 1092_., 24950, 24585, 23066, 22718, 23990,

;__-2 i]-o_---_6_ ?_ _3 3,-__------32_ 3 i_-3 _V 0-4---3_-Tu_ s 2;-o_
999 3,9108 3,9_04 3,8775 3,0832 3,8839 3,8_0 3_8828
4iI_47_013 .... 36,766--72,938 .... 73_037--6_238---68_-3_7 .... 7_,005
0,8 1791,4 _6_1,_ 2217_5 2135_5 2_52,6 2073,4 2153,3
991"-0i0_765-0,01603-0i023S1---0_-02273-_-0227[-_,-0-2£?5-0-;02258

O_ O, O_ 0, _, 0_ 0,
--W51 ......... 72;13 .... 62T59-_SEi59_BT;,_5----SB_93-----B2";EO------8-4T_8-----B6--_-3 .....

M5% 0,4792 0_4778 0,4754 0,4810 0,4804 0,4808 0,4800 0;4807

P54/51 _0
L -P54 ......... 56,

T_4 _94
-FAR54 .... 0-;01

C- WAR54 O,
-w54 ..... _2
TEF2TC 56

( N/RT54 87

•--<. DH/TS_ 0,09

000 1_0000 1,0oo0 1,0000 1,0000 1,0000 %,00uo I_,0000
411--47_013 .... 36-;766- 72_930 .... 73_037----6B,238---68_347---71_005 ........
0.8 _791,4 1611,5 Z217i5 2135_5 2_52,6 2073_4 2153,3
991_T_1_7._5--_b_3-_2_3_-_]_2_273-_T_22_77-_-_-_2_75_-_ET_22_8

Oi O, 0_ O, _, O, 0, -_i

;1_,_...._6,_5°_......sz;_--_6,_56:_6871_.......56,27_;_......_;_o_6,so......56,._4-;_"--_6i_s._9.....
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ETART 0,9115 0,9053 0,B9_6 0,9175 0,9174 0,.9t61 o,_z(,o 0,0153
"-HP_T ......i9i 53 i---f4_ 53-;....._5-7-7"t_2B-4-7-_ 27-9-_2-, 25_22, 2534_., 2707-0_
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(" -P56 ........... B;04D .... _'
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M56 0_3615 0_313_ 0,2563 0,4335 0,4328 0,,4152 0,41_4 0 )9 .. _i
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WAR8 O, 0,' 0 l _ _ _L Ol Ol

(". T8 _252,4 1187=2 II12,2 1394i6 1337;5 1362,1 _306_7 1357,0 "_
-P8 ............... 7,994 - 7_632 .... 7-i3_0 .... 8_793 ....... B;TBB 8,544 8,_4_---8-,6B8 _..... ,
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M_ ....... 0i5044 0i4275 0 3423 -0 5369--0i6352 .... 0;5097--0-,5984 ......0-,62_ "-..... _ _ _ . "_!

V8 842,4 700,3 547,0 1105i7 1081;4 I033,3 I011mI _066,_ .... t

-CFB ........I;OI65--_165--_]O_6_--I_OI_5---_TOI6_---I_O_6_Z-,_-_5--1_OI55
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A8 632,0 833=0 832=? 833t% 033,3 833,i 833_0 833,_

C

C

-.

C

.

C

(

FD 16168, 14904, 13640, 21906', 21915, 2_.322, 21332., 26014_.
....... _-(_ 42-._2-_-q_=1-6-580 _ 4-8_-9-'F_-:---_34B2 9-__'_------_3_56:_-----_ 30_ t_-_=--._.:7-1:-7-_',
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- D/F-,PC -- 4,3 .... 5,3 ...... 7,2 ............ 4_8 ..... 4,8 ..... 5,_-----5i2 7,0 i
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SWFMG 1,O00(]O lil)O00U _00000 1,090D0 1,00000 _,00000 1,OODUO %,00000
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NASA.USTEDLEC/TP 4 CYCLE. (_TURBQpR.OP..COR_ _CLE}
_U120175
RESISED 10 SIHULATE A PROPELLER IN FRONT OF YN_

---HISSIDN-ANAEYSI$-_YC_E--DAT_-FAC_A_E

....................
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0

0
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.....................................

C
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40.00 40.00 40_00 40=UO 40,OQ

4466,2 10908,7 _0908,4 11462_0 I146_,_ ........
--0;6998- 0i6378- 0V6222 ....U-;57_9--0;5573
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_ IBD 1431,0 _4,9 3.312,6 1235i7 1489_2 14_37,f'7 _,488,3 1434 _.5 .....
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(- W2 i00.3_[}-0"- _50,5;.. ) 09;3,72 B31,B_ 10.I.0;60 I03°,'_.5 " .'___jb4 84_9_20 __ .J
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( .... _ .... 0,8636 .....0,8574--0,8487 0,9275 0,8632 0., 8632_._,_..O LB_..________.-,-:_
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NASA-,USTEDLECTT.P4 CYCLE (TURBOPROP COR- CYCLE)
_,0/20/75 ....................................................
RESISED TO SIMULATE A PROPELLER IN FRONT OF Tl_

....MISSION AtlAL YS IE- CYCLE'--DATA-PA C}(kGE-
BOOSTER

0

-..<

(

cAs .......47 09 50 p9.... 52.00 0 54:00 s5,00 56,00
0

%5,490 14;629 13,72_ 121778 16_i41____6;_45 i2,812 12,8__

p25 _,489 14,628 %3,7Z_ 12,778 16_141 %6;144 12,8_2,816 0
925 .... Ir_D_i_.--1_7973--I,6791 1,5526 1_q896 1.990"2---L,#-J'7_i---1,57)9 .....
125 579,B:_6 (69,5 558,3 545,9 609,9 586,.5-/586,0 562;5

M25 ........ O; 4496---0 ,"_4"_,_..... 0-. 4477 -_0. 4460 .... 01-4499--_0_-4_8--0-; 44;B--0- , 44) 8 ...... _
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....................... _'_ 8_ _.......... :k o
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P24/1C 2,3295 Z,1503 &,9770 1,7755 2,3011 2,3_09 2,54_4 2,5423
-W1C" - _25,11 ....._12,29 ---98,71- 82,95-- 122,1%---122;29--142,70_42,9i ....
W_C 89,97 B0,75 70,_ 59,65 89,92 71_85 79_9 81,28

" E_A_C '-0,86_2--0i861_-0,8b_3 -0i8356 ..... 0i8630 .... 0,,8636---0_8657--0,8672 ....
HP_C 492I, 397_, 310_ 2203, 5117, 5023, 479U, 4697,

C P24 24,410 22_532 20,737 1
124 ...... 671,0---654,B ..... 639,0 -
H24 0,3970 0,3780 0.3528 0

024 ..... _,4118-2,0391 _,6560 I

PRCZ2& 0_9920 0_9927 0,9935 0

8,605 2_,365 25,367 20,506 20,502 "_..
6t8,8-- 705'.5 ...... 678;4----680,5 ........ 653,2 -
,3211 0,3905 0,3_11 0,4205 0,4274
2491 2,4316 " 2,_440£ ......Z,2994---2.30?0 ...... "_

•I" T

,9946 0,9922 0,9922 0,9909 0,9939

C ,

(
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z _.. • .-- $ .......
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+
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: NASA.-USTEDLEC/TP.4 .CYCL E _(_TUR BQP_R_O__ COr E__C__vC..LEL

-(:----  o/2o ,5
; RESISED TO SIHULATE A PROPELLER IN FRO_T OF Ttg¢

--HI SS I ON--AN-A-LYS I5--CYCL-C-_-b-A-T-X--Pa_K _G_ --

(.( :...............

nOOSTE_ 
0

0

"_..-" CASE 49,00 50,00 51,0
.................... i .......

'/

PatP2C 12,0840 15,4081 __.0.51_
"-Z2C" 0;5_8B--0;53_o '0_515

( ETA_ 0,8703 0,8722 0,873
..... HPC ....... 23602i-%9989, -16363

RNI2C 1,1935 1,136% 1,078
-p31P2-27ig24%-24,350_-20,66_

C,,.F/--p4 .......... 276,45
W4 83,53

o 52,oo P3ioo 56,oo

2 9,40_6 11_839o _I,_712__Z3,1391 i_L_1819
0----0_5113----0,--5_%_----0_-5_1 o---_5_T_-7----0..57-32

0 0,8698 0;87%0 0,.8710 0,86_4 0,8653 ...... .)

,---12526_ ..... 2445-9,: -240_3, 22250, 21905:
5 1,0080 1,1667 1.2239 0,9843 1,035_ .....

3 _6,60%_ 27=0307--£7,_007--_3_-143-33,2-054 "_

--P3 292,"61_-55"_,-i-6---2-1--6-_58----IY_9-6---_.(_6 _298 ;78 Z66,98 2-6-7,79
PS3 275,92 240,33 203,67 163,25 200,91 281,'66 252,15 25.2,99 "-_,.2

--3'3 ....... _-431-,0--i374,9--_312,6 --_235 ; 7 .... 1-489 ;2---_437--7---:_ 488-_-3 1434;5

-O-;B-6-.BWAR;3 O, 0 O= O_ 7__'I_; O, O, -,.
,- W3 86,9_.---'78,00---- 68,57- 57,6 . 8-P,_'73-- 7&_8 ...... 78V-52 .>-

W3_, 76,15 68,35 60,08 50,49 76,%2 77,75 67=Z8 68,50

M3 1_ 956---0-_-2082_, 0 :_7 0 _3063"--"0_ 2-_-6-4---0_--_'2-9-6-40,29-_-9---F0 29 _.8
,_,.

( .J
---P 4 / P3 .... O, 9448 .....0 _ 9438--- 0,_9425 .... 0; 9407 ---0 _-9_446---0 _.94-4 _--- g_-9-4--6-_.---0.: 9:4 ,$0......

WFM 6679,1 _480,,0 4302t7 3!25_5 6957_6 6786,9 6555i3 6387,8
..... ETAOM - 0,0875 .... 0i9875 ....0,9875 ..... 0,9875 ....0_9875--0-_.9875--0-,9675---0,9875 .... _.

FAR339 0,02436 0,02227 0,01989 0,0!720 0,0253(2 b,.02425 0,02707 0,02579
--T 39 .... 2867T6---_ 7_ 0 _-B-- -'2 _ ;50 _1----23 I5"_, OW_9 _,8_-7---- 2"8-_,-_/,-_2----505-'J-_-0----2_44-;-iT

( T4 2701,2 2629,9 2456,b. 2246i3 2880,0 27_,1 Z960,0 2854,1
( --WAR4 ....0;...........O;..........0_-- 0-_..........O; §, Q, O,

- FAR4 0,02272 0_02G77 0,01855 0,01603 0,02367 _,02261 0,025P.4 0,02405
- 240,82 - 204;%2 .....163,65--281.46 .... 282;'2i---252-=,'59---253,34 ....... '

74,03 65=64 55,02 83,57 85;27 73_ 98 75,56

-N/RT4 .... 270;!5 ..... 271;17---272,22
DH/T4 0,071_0 0i07189 0,07186

(._ _-ETAT .....0;8982--0i8982-- 0,89_2

15,93 15,93 i5_93 15,93 15,_3 '-.=.
--272;31 ..... 271; 09--'270;65"_268;46--'268 _ 3$ .....
0_07!74 0,07192 0,07%?0 0=07192 0,071_0
-0,8982: 0;0982.... ......

HPT 23633, 200%5, 16386, 12544, 24492, 24125, 2228L, 21938, .....

---HPA_X-----3i_DO--_5_/B--2_,,69------_45---'-3_56------_Y;_I 60_0K----29_-5_
_- P4/P91 3,8879 3,898L 3,90V2 3,9176 3_8830 3,8881 3,87o9 3.8824 .__

-P51 .......71,105-61_779--52i2_4 -4%_773--72;-484---72_583--65_1-63_65_252 ........
T51 2073.7 1952,9 1814,6 1651i7 2153.4 2073,0 22_712 213_,7

C -FAR5% " 0"02156-0;0197_0_0i761--01 =01522--0_02247--0;02146-0_02396-0;02253 ....
WAR5% O, O; 0, 0, O, _, O, O,

"-3_5%...... 87_89----78,--7_69_,_B_57_-9_------87_93-----89,-_73------77,--83------?9T _

CI. H5% 0m4800 0=4792 0,47_I 0,4760 0_4807 0,4800 0,4809 0,4802

C

(
t

P54/5% _0000 1,0000 %,000
-P54 ..........71,105 ....61_779 ....52;2_

T54 2073,7 %952,9 %8%4,
--FAR_4_O;021_6--O_O_971--O_O-%T6

WAR54 O, O_ O,
--W54 .........87_89-- 78,74 .....69_0

IF'F2TC

N/RT54
DH/T54

o %.oooo ¢;oooo %,oooo I,oo0o  ;oooa
4--4_ ,773--22;484--72;583--65Tf53--65,252 .....
6 1651i7 2153_4 2073,8 22%7,2 2131,7
_--O-_-_ 522--0-_, 02247--_b-2I 46--0--,023 v 6--0_022 _3_ _

O_ O, O, O, O, ..
8----57 ;9%.......87_-93......89773 ....7-7-_3----79_50

56M29 56,33 56,36 56,35 56_27 56;2_ 56,_5 56,25
-89,73 ..... 86,85 .... 03,63 -- 00,08 ..... 89,53 ....... 89,-47 ..... 92i35---92,28- -

0,1030_ 0_09_]99 0,09365 0,0859% 0,10354 _,10337 0,106_50'106OL
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NASA.USTEDLEC/TP4 CYCLE (TURBOPROP CORE
C - o/2oz75 ......................................

RESISEU TO SIMULATE A PROPELLER IN FRO_T OF TN_ BOOSTER

---_ISS|ON-ANAEYST_-CYCEE--DATA-PACKKG=

CYCLB)

( ©

OASE 49,{)0 50,00 51,00 52,00 53_00 54,'00 55,00 56,00

C .................................................................... 0
E_A2? 0m9153 0,9108 0,9057 0,9001 0,9149 0.9148 0,918_4 0,.9154

-Hp ZT---26563 T---2153 _,__-O-V.--CT6-2_i_---2)-738-_-"-27_. $-T_--2,5-gzv, 2541 B:

_. RN|54 1,0489 0,9735 0,8920 0,7914 1,0257 1,0706 0,89Z8 0 9338 '"_
" P54/,56 8i125_, " 7i4627 - 6,6420-_5,5804 --8i2048--8,2i7_--8,66Q:_ .... 8,:6816- .....

" W03/2C 0,0902 ....0,09

WC4/2C 0,0614 0,06

C -WCbI2C 0,0360 --0,03
WCb#2C 0,0125 0,01

"WC542C--0, O,

( _C_sIi 0,0050 0,00
- HC5512 0,0367 0,03

WCb52C 0,0417 0_04
C wCl/2O 0,0320 0,03

02 -0,0902--0;0902 -0_-0902 .... 0_--0902---0_902--0-_09-02 .....
i4 0,06&4 0.0514 0i0614 0,0614 0,0614 0,06_4
bO -0,0560 -0,0360 .... 0,0360-0-,:0360 ..... 0;-05_0--0_0350 ......
25 0,012_ 0,0125 0i0125 0,0t25 0,0125 0,0125

0, O, O, 0, v, O,
5d 0,0050 0,0050 0,0050 0,.0050 O,OObO 0_0050 ._
67- 0,0367 --0,0367 ....O&O367---O/O367--D, O367---OV0357 ........

17 0,0_17 0,0417 0,0417 0.0417 0,0417 0,0412
20-0,0320 -0,0320 .....0-,0320--0_0320_0,0320---0_0320 .... .

FIBAH 0,3880 0,3.q80 0,58Q0 0,3880 0,3880 0,3880 0,38_0 0;3880 .....
-I=OAH5_- -0,2850----0 t 2850--_0,2850--0-_2850_lD-_2850--0-$285 b-_V,-28_O---O728 _ 0

(._ FCAtI54 0,7500 0,7500 O,7bO0 0,7500 0,7500 0,,7500 0,7b00 0,,7530 _..
F CH551 l,OOOO--liOCOd I,0000 1;0000I_0000 .... i,:O000 -I,0000--I.,0000 ........
FCHb52 0,2770 0,2770 0,2770 0,2770 0,2770 0.2770 0,2770 0_2770
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NASA-USTEDLEC/TP4 CYCLE (TUR_OPRO_ CORE CYCLE_

; RESISED TO SIMULATE A PROPELLER IN FRONT OF" THE
- -- Ml s s !oN-_-N-_LY S I_--_-Y-C_-CE--D_-T-A--PA_-K-_GE

i

BOOSTER
0

0

',..... CASE 57,00 58,00 59,00 60,00 65=00 62.'00 631U0 64,00

.(
ALT 3oo00, aoo00, 3o0o0, 3oo0o: __3_0000;' 30_0_0.0, 3opoo,__3o0_0._.;:____

0_-o-_-6o--J_-O,6-oo ,60-0-- -0_600 -_;_-0-0 O,7UO 0,750_o 0.6o o
P_ _o,oo _o,oo 5o,oo _o,oo __5o,oo ..... __o,0o 5o,_uo _o,oo .... G

--RC .......... 40;00 ...... 40;00 ....... 40,00 40,00 40,00 40;00 40mOO 40,00
FaG 10005,7 !0003_1 8004;5 6003_7 4002_6 9585,7 9585_0 __0332,3

-$FCO .... 0i4980 - 0i4848 ....0,4836-- 0,4900 ......0_5£30--0-_;5379---U--,_5-2_6---0,5566 ...... ..r.j

-(

(,,....

L

C.

0

--DEL-TO-----2T;3 0--_4_-0_-w-4.%0__, _.0 4;'_. 0 22;30 _ m_0
TO 433,98 415,78 415t 78 4_.5,78 415;78 433,'98 415178

-'PO .......... 4_-3641 -4,3641 --4,3641 .... 4,364_--4i364i--4.3641 .... 4-,-36-4-_ 4,364t
T2 465,36 _145,85 445_5 445,85 44.5,85 476;70 456=11 483,02

-ETAR ......._ ;0180 -:[ _01 BO-- i, 0180 ....1 ;0160 .....:[;"0_B0---i _.-Di-60---_-,O-IBO---1-_:OI80 ......

P2 5,669 _,668 _,668 5,668 5_668 6_:t66______,I _5______5,4"
--P 22-XP 2---O'T 9996---0-;-9996---0; 99 ? 6--0--9 996---0-_-099_--_,9e? 96 0 ,_9_96 0, 9-9;6_-

H21 0m6045 0s6050 ....0_5430 O,4B3B 0;4 9 • 0,.5¢)02 0,59U7 0 ;6_.30

22,30

433, 98 ."_

B ..........9_402-9_274 9:6227 i0;3958 11;5012 .....9:;3026--_878--9:192j: ..... ("
_------TE-FR-----__-_F----_jZ;.rR------_cr_R------SE_R----_R;,-

--HB / _r_G._ 0 ;-0020---0 ;-0 O2 O_O_g 020-- O,O O2O---0-.0])2 _--O';,T020---0 ,--OOZ_'_ 02_
wB _ 0 0 0; 0 0_. o,_o

--PBD .......198_-'_3_ 199,37 -171i28- Z41,33--110_12 ---207",29_._.?--0_7_92---22_i53 ---

TBD . 1425,0 _i,0 1306,7 1232,6 1145;5 _.431-¢-@_"_.38Z¢3 147_.i5
----"W B I ......... 0-,_23 - 0,_96.._---0,I_.3---0i097 .....0;080-_,129 ....0,132 ....0,138--

PBI 78,70 78,87 "_,8,77 57,91 4_j_4_ 82;65 82,t_4 89,57
--TFI ...... _ _,27 70 ---_ 823 ?---IO ;_'b"i_.._--9 B1-;_[8;-8---T.-%"39TI--:_ W_i-6 _-16"_;6_-

PCNF 91,451 .89,550 83,_9.1.-,_r'r76_686"_'6B_392_'_""" 9_._179 89,284 93i645

" NF ...........4308.2 ....4218,7_2_>_3,2 -3612=8 ......322"2_;_.--4295,4--_206{I--44_I._4 .......
PCNF _ 96,546 9.6 ,'_.7" 90,b07 82,713 73 _766_'gYj._,I O9 95,148 97,036

-- _ 2 _ ....... 1537 _ 87- _SJ_'i 55-'1437 , _ O--i3 25 ; 74--i-i- 96;32--_ 51 _'_,,_-EST6] b-B--i545-, 94 ....
W2 626_.0b f 639,82 597,75 551,3t 497,50 663,%_-"_, 76 703, 47 "
P23/22 ._i'_437 %i6443 _,52.93 1,4083 1;2833--i,6163 "_,6"_.8_-1,65_% --
Z22_ 0,6452 0,64fi2 0,60_2 0,5473 0,4934 0..6329 0,63Z8 _457

HPFAN 15820, :1.54q2, 3.22_4, 9078; 6025, J.6591 _ 1625_.,t _630 ;

M23 fl,4477 0 __477 ..... 0.,.4 _4._.5......0.4366 0 _42 _ 2_.....0._-.4-476_-0",44 / 6 0,44'36

M2_P D, 44_6 ._.0.r4485 .... 0';"4"'470 O, 4443 Oe 4352 0_-4495'---0,...4.._._4 O. 44_8
- -&E250_._.._,-36V_-_,'8_--.- _ B 72-i B-- 3 B72 -_B- --3872; B--3 B-72; 8--38-72.8----387 ;.,-_-_--.3,-6_;t_: -- .

C_
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C.

NASA-USTEDLECITP4 CYCLE {TUBBQPRO_ CORE CYCLE)

---_D/20_75
RESISED TO SIMULATE A PRQPELLER IN FRONT OF TH_

--HISSIQN-A-NAEYSI-S-C-Y"C__-DA-TA--FACK_SE

BOOSTE_
Q

@

(_ '

CASE 57i00 58,00 59,00 60,00 61,00 62;00 63100 64,00
............ -- " .................... 0

_ggp 9;3_5 9;317 8,665 7,980 7_272 9;062 9,904 10i_6"_
-p292_K_-I-70000.--I,--0oG0-0---T_0O00--r;0-_0_000-0----$-70-0-C0_FO-%-0_Co00 •

P25 _3_5 9_316 8,66_ 7,97Q 7,271 9,_6_ 9_904 10,655

-O2_ ......_'_;i437 - 1.0570 ....0_9640--0i8473---I-;2270-_22/4 ....%,3139 ......
T_9 548,1 _.25,2 512,7 499;3 484.7 55B,5 ;" 535,2 569;7

_M2_ .......0;44A7--0_4486_ 0,4471 ......U,4444-0;-4352-_0:4496----0-,4495----0,,44_9 ...........

W25 564,32 _76,64 '_-41._48 5n2,94 457,7 0....598;78 61.1_8 634,45

P28/25 0,9930 0,9930 0,99_1 -_'I_,.99.3_0,9934 0.9_30 0,99_0 0.9930 '_

-p_8 ..........9,250 - 9_25_ ......8;605_I__;'t)I_.5.,.._ 7;223 .....9;092 --9_094 ...._d_SBO ......
T28 540,1 525,2 5J._,,t 499,3 _"_4._4_7 558,5 535;2 569_7

-W28 ..... 564;32--_76,64_4_8 _07,94 ...._57"_',7.0_98;78----61-_i-08--634,45 .......
CV29 " 0_9973 0_99_" 0.9970 0,9970 0_9970 "0_9977 0,9917 0,9991

AE28 2685)._- 2685,3 2678,5 2668_9 2656,8 2689,5-'_89_5 2690,9
-A28 ..... _29,0 _720i9 -_7_9,0 '2729_0--_729_O--2729;O--272_---2729tO-
V28 /_047,9 _025,7 _013,4 969_4 883,6 1057,7 %035,4_'-LQ68,3

--_'_---i;OOOO-l;O000 -1,0000---0,9635--0-_8795---_0-000 1_0-0C0 i._O'O'D"_ 0

(i P24/_C 2,609_
-W_C_ - $_1,67

"_ WlC 61_74
-ETA_C--- 0,8654

HPIC 3555_

_T_6_3_9__T_B_B__7_2___-_6_4_---_-_-_-_66_F_---_-'_-_.zI-4_-_-_-_

2,6086 2,4160 2,1498 I_fi920 2.5776 _,5773 2,6470

-'_5i,92"--135,31 .... 116,34 ..... 95_70---147_4-'--1_'7m-4_ i"51",59 ....
63,18 56_27 48,38 39_80 64";37 65,_8 69,03

"-'0_'8658 .....0_8670--0i8648----0_8537---0_8660-_-0664---0_8650 ....
3402, 2817_ 207Z, _411_ 3739, 3663, 4200;

C P24 14,785
-124 ........ 635,2

H24 0_4486
(_ -024 ....... 1,_27

PZC/24 0=g900

_4,'781 13,690 12,181 10_720 15,887 15,8_3 17,097 _' =
..... _08,5 ..... 59316 .... 572_2 ...... 550,5 .... 649;-0----620_8 ...... 662;3 .....

0i4_95 O,4ZOB 0,3942 0,3552 0,4371 0,43_1 0,4417
---_,8%95--_.5022---1,1903 .... 0_868!---i;8614 .... _]8690--270302- " =]

Ot9_OO 0,99L_ 0,992%. 0_9934 0.,9905. 0.99U4 0,'9903

C AE2D O, 0_
--WB/_24 -0, O,

r-. " P2C ..... ---C4 , 638I--_

12C 635,2
-PCNG .... 98-i 20 7 ---_

C- IPC.NG" 88,744 8
- NG .... 14313 _......_L

0, o, 0_ o, 0, 0, ...
0, 0-_ 0, 0, 0, 0._

PCNG_H 99,913 _9_9_ 98,Z23 96_600 94_65 99,169 99,Z_7 99,445
WARC2G 0, ........... O; ....... O, O_ O, _, 0_ 0,
H2C 61,74 63,_8 56,27 48,38 59;80 64;37 65_8 69,02

4-7633 ---i 3, 56 B.... 12 ',-0B4--I0;_ 50---£5_7 S6---_5 ,--732---T6_-_ ._
608,5 593,6 572_2 550_5 648,0 620.8 662,3
6.1_(_ 9---93-;,339_90]-17 B---_ 6_-I- 69---98.45 E--_ 6T_ 3I----99-, (3_5......
_,B04 87,2'_3 05,B54 83_639 08,083 _8,143 80,32_

4019, .... .",.3603,--13143 _---1255 B ;---I4_348_ .... 1-410 5 4-i----1 4 5 4 7 _ -

.,!

• =
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, NASA,,USTEDLEC/Tp 4 _CyCL.E- !__T_u.H_BO_P_R0_..__C_O_R__C_X_.CLE__)_
_i<''.. "..... !,0/20/75
_"" RESISED TO SIHULATE A PROPELLER I"] FRO_IT OF T_

....M ISS ION-Xr.fALYS l_'_"CY-C_-._'--IYAT-A-PAcK-LG E

BOOSTER

0

,_ __cAs_..........._7_,p.o __5_8,oo_.__59__po 6__0_,oo
C

C

L.,,.--

.........61j_00 6_2_;"oo 6_Loo e4,_QQ.......

P31P2_ %3,9558 %B,9998 12,98_4_j2.0334 %0.i6498__.t_,.53B_l_J._3__,5_8_52_.l.__._L6__2-_-
-_2C ........0 T5863-- -0_-5_BI n _5708 C,549_ 0 _5_75 0_5792 0,58UB 0,58_7

C ETAC 0,8604 0,86fl2 0.8660 0,8=699 0i8724 0.863% 0,8660 0,86_2
--HPC ..... 16796, .... 16519, -13699, -i0850C ........ 7995T-Ii5091 .... %7225,----i-93%7; .........

RN|2C 0,7720 0,8%40 0,77_4 0_,7260 0i6718 0,8097 0_8_.6 ......_.847.5 ....
(-. --p3/p2 -36i040135i_552 31,08_9 2_,6640 20,0170 _4,.5635 _4,67_2 35,9_0

--P3 _C4_9_'_-0-4,--83-_-7__5-_42 113,42 213;03 Zl3m b9 231,T5
( PS3 _93,11 _93,63 _66,22. 137,05 106;66 201;28 201_8 219,03 _ '_

---T3 1425,0-i_71_0 ...._306, 7....i232i6--1145_ _---_-436-i7--_382_3----_47_5 ....

WAR_ 0 4...0i 0 0_4 O_ _, 0 L O_ ___

W3_ 52_26 53,47 47,63 40,95 33;68 54;48 55,76 58,4_

( ' 0
.... P41P_ ....... 0;9468 ......O-i9467--O_9455--O_94_3--O_q_2-cJ---O-_4_4---O---,-9,_63---O_:94-_ 7........

WFM 4983,1 4849,_ 3870,8 2946i5 2053_3 5156,1 bOl�_D 5753,0

( -ET A_H .... 0 '9875--0'9875--0'9875--0'9875 ......0;9875---0,,9fi75--_09875--0,9875 --
FAR339 0,02649 01025_9 0,02258 0,01999 0,01593 _,0_629 O,02bUO 0,02735

--T59 .... 29_2_--_2861_267_'_5-_--2_6T_9_-_--_2_2_5_71_--t-_28_5_-_D_B_3_5_

T4 2880,0 8772,0 2_88,_ 23g2_I 2154_0 2880i0 2772_1 2960,0

--.AR_.......O;........... Oi............O;..... O;...... O, _, _, O,
' FAR4 0,02470 0102349 _,02105 0_864 0,01579 0,0245! 0,02331 0,02550
-p_ .........193_43---193,95-- 166,92- 7,52-_06,87---201_'62--202_22--219,39 .....

°

W4 57,43 58,70 52_!6 44,74 _6_70 59,B7 611_0 64,26

C TFFC 15,93 15,73 15,93 15,93 I5,93 15;93 15,93 15,93 ._
-N/RT4 ..... 206;70--_66;26-- 2&7i38 --268;71--_70_59--_-67;37--2_6-;-92--_-67_38 ......
DH/T4 0,07188 0tU7186 0,07_4 0_07178 0,07162 b,07188 0,071_6 0,07189

C --ETAT ............0iB980---0_8980- 0 8980 ....0,898f ....038981 .....0T8980---0-;89_0 ....0_8980 .........
HPT _6821, 16543, 13720, IOB68, 8010, 1753_, 17250, 1934>, ....

-H P AU X...... 2_] 9-F--2-4TO3---'20-_ 72_ 7_ 56--'--- _4_42_25-_6_"-_-2_TT2-_2_ 77 ..
_.. P4/P51 3,8789 3,8_49 3,8962 3,9070 3,9157 3,8794 3,8864 3.8744

-P51 ....... 49,-866 .... 49;924--42T739--35;:147_27_299. ..... 51;972--5-2;046 .... 56t-6_6 .......
151 2_.52,2 2065,3 _918,_ 1763_9 1578,8 2152,5 206516 2217,1

C -FAR5% 0;-02344-0_02229-0-_1998-0V05769-0;01499-_02327--Ei_2223--0-;,0242_. .......
_AR51 O, O; U, O! O, _, O, O,

--W51 EO-'_-43--'-B-_'-_?6--"---_B�---_T, OB-'----3B_-3----6-_2_,_9 64m 40 67_

( H51 0,4800 0,4793 0,47_ 0,4765 014738 0,.4801 0,4794 0,.4805 _

P94151 _oooo Ioooo %.oooo _,o0oo _ oo0o %;o00o %,oooo 1;oooo
( -P54"- ...... 4_866--4_924-- 42_739--_5,i47--_ _299--5_972--52_-046----56i6_ ......

!54 _152,2 2065,3 _918, 5 1763i9 1578,8 2151,5 2065,6 2217,1___
-FAR54--_;_2344_2229--_9?_-_--/6+_-_99---_-'_-_`__D22I3-_;_ 242_ .,

_. HAR54 0, O_ 0_ Ol 0, _, Om O, _._
-H94 ....... 60;43 ....6_-_76........54_89---4T,-08 ....38_-63.....6_99----E4-I-_40_--67,--5-6.......

IFF2IC 56,22 b6,22 56,2_ 56,26 56,22 56,'23 56_13 56,_1
l N/RT54 92;87---92,83 .... 90,25 ..... 86;02--81,09 .... 92_58---02;_5--93-'59 ..... _
_.. IIH/T54 0,10529 0i10513 0,10116 0_09505 0,08617 _,%0597 0,105_2 0,10756
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C

.I

NASA-USTEDLECITP4 CYCLE (TURBQPROP CORE CYCLE)
-- I0120175 .....................................

RESISED TO SIMULATE A PROPELLER IN FRONT OF THE BOOSTER

CASE 57_00 58,00 59,00 60,00 61_00 62_00 63,00 64,00

ETA2T 0,9187 0,9188 0.9157 0.9089 0,9002 0..9184 0L9105 0.9197

RNI54 0,7061 0_7397 O.68bB 0,6!94 0,5435 0.7358 0.7710 0(7750
_-P54/56 _8_4912 _,5067 7,8073 6_8496- 516_73--8_661i .... 8;-677_-8;9802

-p56 ....... 5,873 ..... 5_869---5,-474 -5_f3_ .... 4_843_6_b0_ .....
T56 1338,6 $278,6 1204,5 1136,5 i058,9 1333,7

156 63_00--E4_4_57_3------49_I-0_--40_9_6-5_67
M56 0,4469 004459 0,403! 0,3494 0,2858 0r4575

5T?_8 .... 6T306
127319 1366,0

67!F4 70,_8
0,4564 0,47_6

0

0

0

0

0

(

o.

(
(

P6156 0,9917 0i9917 0,9931 0,_46 0;9963 0,9_14 0,9914 0_9907
- FAR8 --0,02246 0;02136-0i0191_ 0_O_695-O,01_36--_-02230--O-tO-2120-O_-O23EO

WAR8 O, O_ O, 0, O_ D, __L O,
--fl_ 6_7oo ......6-4740----S7,_Z_----_gT_-O--_-O,-T'Zg----65TET-- 6TT1-4-----_-;-#_
T8 _338,6 _27S,6 _204_5 I136i5 1058_9 1333,7 1273_9 1366,0

'P8 ........ 5,824
F8QPO %,3346

-H_ ...... 0,6661
V8 1130,8

-CF8----I_016_

CV9 0,9970
-AE8 ..... 846,95

...... 5;82_ ..... 5;436 .... 5_-104 - 4_825--5_949 ..... 5,-946 6_247- -
1,3337 1,2457 1,1695 1=_i055 1.3632 1,3626 1,43t5

'0,6644---0,5768 0_4842 .... 0;3854_0.6909_0-,-6895--0;7452 ....
1103,7 939,7 773i6 599_9 1167,8 114014 1268,0

---$_OI65-_._g_6_---'i-TO165---_--_T_65--'-l-;O_65---'l,-,"O_65"---l_-O_55 .....
0,9970 0,9970 0,9970 0i9970 0.9970 0,9970 0.9970

'_46,72--846;_9--846,35--846;57 .... 846196--8461_--847,06 ...... :

C

833,2 833,0 833=2 832i6 832_8 833,2 33_17 833,3

0

0

FD 11930, $1934i ._.1150, 10284_ 9280:_: 14744, 14749, 16757',

--'#_'/' W2......... 1--5,-98-----1-_r6.._-'_--.-'t. 3-,_-_-----_ 0-_,B 9........ 8-,0 5 ........-t4-r45 ..... t-4-,- 14 ....... 1-4-,-S 9 0

l.)tr -.PO ........ 3,1 3;1 ............ 3'i6 ......... 4_5 6,-:[- 4,4- ...... ;4__ ..... ;_;7 ........
CD 0,1843 0=1843 0,1843 0,1843 0_I843 O,,J 843 0,1t_3 0,1843

- FD_ ......... 311,7---311,9 - 291,4 ..... 268i7 .... 242.',5 --418(2 .... -418n4 ..... 489i6 _ " .._
5WFHG 1,00000 l_OOa0d 1,00000 i_00000 1.00000 _,0_000 I,O00UO 1,00000

-$FNG _-_ 0000--_I _0 _00 .... _; 0000---1TO 000--_-TO 000---I_ 0000---_ ,--Ooo 0---i ,--003 _......

W_312C- 0,0

WC4[2C 0,0

C -wCSI2C _0,o
WCSg2C 0,0

"-WCS_C--O,
C_ wc551_ o,oo5o

W05512 0,0367
WCb52C 0,0417

_. -WCl/2C 0,0320
F]BAH

-FCAII5E ....0i2850

(; FCAH54 0,7500
FQH55% 1,0000

( FCH_52 0,2770

' ........................

902---0_0902 0,0902 .... 0i. 0902---0_0902--0]:_902--_T0902----0_09-_--
614 0,0614 0,0614 0,061_ 000614 0,0614 0,0614 0,0614
360 ......0,0360 - 0,0360 -0,0360 .... 0-,0360---0,,036_---0,0360---0_0350 ....
125 0,0125 0,0125 0,0125 0,0i25 0,.0125 O,OlZ5 0,0125

0-, 0. 0, 0, 0., O, 0-,
0,0050 0,0050 o,0050 0_0050 0 .0050 0,00_0 0(0050 7_,

..... 0i0357--0,05_70;0367-OtO36?---O,lO36T---O_O367--0T0357---

0,04!7 0,04_7 0,0417 0_0417 0.0417 0,0417 O.041Z
-0,032_ 0;0320 0,0320---0i0320-- 0.,0320-- 0,0330--0 03>0

0,3880 0,38_30 0,38_0 0.3880 0,3880 0.3880 _,38_0 0,3850
--03285_---0T28_0 .... 072850 .... _i2850---0-_,_50---0,-2850---0T28_

0,750J 0,7500 0,7500 0,7500 0.,7500 0,7500 0.7530
-1,0003 1,0000 1-,0000--1,0000 .... 1_0000--1,0000 .... 1_0030- --

0_2770 0,2770 0,?770 0_2770 0,2770 0,2710 0,2770

_

586
%.;, =

I

I



: NASA-USTEDLEC /TB4_.C.Y_,CLE._|_T_U___.B.q.pRQP CDRE CYC_L_E_)

-L.,- %0/20/. 75
: RESISED I0 SIMULATE A PROPELLER I_ FRO_T OF Tki_

H|SS !0N-_"NXEYSl$-_Y-CT_'-DXTX--PACK-kGE

{i" .......................

BOOSTER

0

0

CASE 65,00
......................

C
ALT 30000t. 30000.L 30000,

--Ho 0,750 P,80U 0,_00

( P_ ..........50,00 ..bO,00 ......50,00
RC 40,00 40,00 40,00
FNG _0330,8 ?255,5 925_m8

(: ---SFGG ..... 0,542_ 0,5778 0,5627

f

66,00 67,00 68,00 69,00 70;00 7%[00 72,00

0,800 0_800 n,800 OiB_O 0,850

....5o,oo ....._o,oo 5o;oo......5o,_0____o,0o_ 0
40,00 40,00 40,'00 40mUO 40,00

. ..7406=0,.5555;9 3701.,7 .... Y1._31_ .....9113,5 .....
0,5677 0m5870 0,.6300 0,5979 0,58E3

--_E_ (,_0 22,30 4,_0 4,1n 4;10 4/1o 22,Jo 4,to

10 415;78 _33 98 415,18 455'78 415i_8 415;78 ............433,98 415,78__ _
-PO ..........4=3641 ....4_364£-_;3641 ....4,364%---4i3 1_-_3641 4,3641 4,364[

12 462,76 489,77 469,23 469,23 .... A59;23 __467_23 .... 496,96 .... 476,12
-ETAR ..........110180-_i0_8_ ....._,0180-. _,0180 I,OZO0 1,0180 i,Oi_O 1,0_0 ._'%

P2 6,456 6,776 6,776 6'776 6;776 6,776 7,130 7,130
--P22_P2_-_999_----_9996-_;_9996---_-;9996---_-_9.9_---_79_96_999-6---_:-'9_9_6 ......

M2_ 0,6105 0,5746 0,575% 0,5254 0m4762 0.4274 0,5684 0,5657........... :_
....P22 ........ 6_453 ..... 6;774 ...... _,7Z4 .... 6-;774---6;774---6T774--7_Z_7 7,%27

"PAI_. .....SE-PR _-_PH _EPR SEPR SEPR SEPH SEPRI.- -"

--lqB/H L_;.-_.D.O 020----0.-0020----0,--DO21_---l).O-O-20O, {}_20 0 ,:0-0_2-0-_-;-0020_. 0 ;0020

( wB ""0.-,.... 0;" O, 0, 0 ', O, 0,...i" O, _
--PIBO ....... 226,2'5;_,:+._ :16,92 ..... 217, 64 .....18_, 0 6---I'37,52 --_25T 0;4-:_2'Z-m07--222 ;-_[ .....

/ 1BD 1416,2 _."_50 , 2 ].3951_ ]-33513 1267;4 1 '[. 8 7_,,,vaY'_" _, 4 _ 7 i 5 _.40216
--wBI ..........0,141----0,i_5.;._i0;138 ----0;123 .....0,_07-:__,089 0,1 8 0,14_

' " PBI 89,90 87,2_9q._43 76,74 65/_.¢8"_'-53';47 89,05 89,59

C. HPE O, 0 ; O, _"..._,_,,'_ 0 ', _, 0, 0,

C: -NF ......... 4320,:1. .... 428._,8_'_.1-'(Y7,0 - 3951it--3645;_300i2--- 2 0i- --- _. I;0 ...... -'--j
PCNF_ 97,083 93,6_%,_ 93,664 88,177 81;350 7_6.51 92,8_1 92,85_

--_l 2 *---I546,73"]._ B9-].4 9 _.--,-78--[4 05.73--/3 i-b-; :43--1--'2_-5";"_1"5<::_.._-77-_-_3_4-77;-) L(_- -

(_. W2 719;_-_"'_707,_,7 722,90 681,2_. 635;03 584,'63 ;T3"x.¢,,.92_ 748,t_, _
- P23/22 - ..:l;,,:r-,_"_1 d---:[.-, 5_72 .... i ; 5879-- :L-;4890 --]._ 3833---i-;-2 7i3---_ .57 _-_-5722 ....

Z22 _0 i 6456 0,5213 O, 62_,2 0,5777 0_5252 0 ,.461.7 0_6162 0,'_6.t_2
C:: - _,B-,:::, o.i P_0_ :-:0, __0_ --: 0; 86_s:-.-_,:0:;:.85.5._:::.:o-;-s4_.-0_'-::: 0,.B6_..-_. - .:,

_,
:F

(.:

S--,w

%,.
Ck_ ......

.... /'I

• 587 -,

C'

..... ,-v

C" ............ '.-
. r,A :



NASA-USTEDLEC/TP4 CYCLE (TURBOPROP COR_ CYCLE}
10(20/75 ...........................

RESISED TO SIMULATE A PROPELLER I_ FRO_T OF TH_
--HISSIONAN_LYSIS-CYC_E-DATA-PACWA-GE

BOOSTER
0

0
=

"-" CASE 65,00 66,00 67,00 68,00 69,00 70,'00 71IOO 72,00

,

""

(.

{_"J-ETA1C
HplC

P?._ 10,659 I0,751 _0,756 lo,086 9_37D 8,612 Zl,201 15,2/,_j
-_P25z_P_`_-``_`_Q_iT_---_T_--_T__=_-___-_T_-_--_._-

P29 I0,"_ I0;751 10,765 10,085 9_370 8,611 11,2..UI-""11,205

'-g25 .......1;3144_3257--1,3266 'i,-2430 ...._i508---I_0507_816--_,3822 ....
T25 545,9 5"7_L3 546,5 534_9 522.7 509,j,_. 576_7 552,7

-H25 ...........0i4498 --0i-449_.44_9---0;4496 ....0_4487_469 ....0T4500-----0;44_9 .....

5 i 45 5s9;9 66 ,9767__ _.. 7,s . __

--P28 ........ iD;584-- XoT676--10, "o--_i_l..o;b_s_--9;-3os---8;5=2 .....£_-Ti23_,126-
_28 545,9 _70,3 546,.5. "°" 534t9 ""5_2;7 509,0 576_7 552,7

--W_8-- .... 648,37 639,82-_6_.3',95 .... 619,63 --5B1,"4_._539;95---662-=97---677-,52 - -
_VZ9 0,9982 0,998_--'0,99_3 0,9977 0;Q973 "I__-_70 0,99_9 0,9999

-_F2_-_98_6_-_@_--_T__B58_8_2_-_-_'___--_8_E_._2 -----
AE28 2690,_j-"2690,9 2691,1 26901_ 2685_9 2677,8 _91_3 269_,3

--A28 ......2].2..-F,0'_729_0--2729,I --27_9i0 ....2729_0--2729i0 ....27_r(,_L_---2729_O ....

V28 .,_045,7 i068,9 1046,3 1035,1 1023,3 100_,8 1074,9""'I.052_2

-_1C ...... 0_6656 ....O_'7055--O',-702T--OT7_63----O_--777E--_-_B3T__258-_O_72_4
P24/%C 2,6473 Z,5427 2.5429 2,35%8 2,1234 1.8939 2,52_4 2,52t_

W_C 70,66 67,35 68,96 61.58 53,57 44,68 68,95 70,59
....0_8654:=0_8655 .....0,8660--0,8640--0_8565---0-_-8437--_8649_0,.86_4 .....

4116m 3956, 387_, 3144, 2367, _6_0, 407U, 398?_

0

D

0

_.. P24 _7,083 %7_22_ 17,225 15,
'T24 ........634,6--- 662_9 ......635,1---61

M24 0,4428 0m4240 0,4_50 0,4

C -024 ...... 2_0475 ....i_912_---_,9_1_ ....__6
P2C/2_ 0,9903 0,99!0 0,9909 0,9

930 14_363 _2,829 _7,969 17,958
9i9 ..... 600;8 ...... 580,9 .... 670i-8_642_8 ....
006 0t3757 0,3403 0,4%72 0,4_,_2
03.4-i_2889--0-;960_---I-,-9391---I_948_ .....

918 0,9927 0,9939 0,99_2 0,99%2

0

.,.#."

C. AE21) O, 0_" O, O, g, O, O, O,
--wp/W2_ ---0, 0, 0, o, 0, 0, 0 ,. 0 ,..

C' P2C ..... _6,9%7 .... %7';069 .... 17,069 .... _5;800--I-4_2_9---_2,-';-75_--17_--8"E2---I7_8[0
T_C 634,6 662,9 63b,I 619i9 600,8 5_0,9 670_8 642,8

(' PCNG* 88,396 _7,380 87,435 86,168 84_841 _2,574 87,0_4 87,090
-NO ....... 14250m--_4397,--_4101_--_3728_ --13307_--12736;_14424, .... 1412B:--
PCNG_H 99i522 _,378 98,440 97,013 95,518 92,_67 97,976 98,039

(_. -WARC2C 0; .......... 0_- 0_ 0-_........... 0, _, 0, 0=
W2C 70,65 67,36 68,96 61,59 53,57 44';69 68_95 70,59

-_W2_"___67'_8___65_6_65T7_-_62T62------_-_9_34_---_4T5_------6_T7l_----_-64_B _- - ..

:%

t

I



: NASA-USTEDLEG/T.P._4__C_Y_CkE _(_TU.H_BQpRDp CORE
4"% "--

: RESISEb TO SIMULATE A PROPELLER IN FRONT
--H Iss I0t(-A-N_,'LYSiS--C-Y-CT.,FDA-TX--P ACKA_ E

(:

CYCLE)

OF T_I_ BOOSTER
0

@

"" _CAsE ........6p.',Oo___6A,__09..__6__Z,9_0.....68.,_00....._6)___0o ?O;_OQ____7.I,uOZ2,00 ......
Q

P3/P2C__,l,3_7437__,I,.5]0643____3,1083.......... 12 L2 4_34__J.lL3_9_.j.OJl__5.._,1_?,_L81_9__...L?--L_626-...
--z2c o,5-8s2 o,s7-o7 o-:57_- o._ 539 0,5313 0,,5122 0,560! 0,5679

( ETAC _0,8620 ..........0,8656 0,8655 0,8693 .... 0 =87!9_.. 0,8720.__0_ L86 (28 __0.t 8657 ........
.... HPC - 19010_ 18321, !8030, 15085_ 12%69_ 9182, 18754, 18457;

RNI2C 0,8932 0,8540 0,90Q3 .....0,8589 o,8071_O_.ZsZ7 ot87._Z__O.,92_6 .........
(" --p3/p2 36,0303 3_9194 53,03_4 28,558823_9375 t9_0210 32,03_3 32,1426 ,_

(

P_ 2"2._,_0 222,(_-9 - 223,14 193,45 _62i15 _28;B4 228,31 229,09
PS3 219;72 210,57 211,26 182.4_ 152,68 _21;06 215,_3 2_6,24 ....

59,80 57,01 58,36 52,$3 45,35 37;82 58,_6 59,75
""H 3 _ 900--0T2921----0 ,-2928----I)-_-,2 95_----0_-;"2_2' 0,60TO_ 9_29---'0T292_

--P4/P3 ..... 0";9466 .......0_-9W60 .... 0_94_9---0_ 944"7 0,9435 0 ,_'417 0 , _X57_0_-94"56 ....
WFM 5600,3 _348i0 5208,% 4204i6 3261,6 23_1,9 6449_0 5305;5

--ETABH ....... 0_9875 0_9875---0 9875--0,987_- 0;9875--0,9875---0_9875--09_75 ....
FAR339 0,02601 0;02606 0,02479 0_02241 0,01998 0,r)17_3 0,02693 0,02457

T4 2849,8 _80,0 277Z_ 2603=3 2421_4 2200,6 2680,0 2772,6

--wAR4 ....-Oi ..........O;.........0_ ....... Oi ...............O_ --_, O, O,
' FAR4 0,02425 0_02430 0,02311 0_02089 0,01863 0,01597 0,02418 0,02300

-P4 ........ 220,08 _10,94 211,_3 -182,76 .... _52_99--12I-;34---215]V2 .... 2t6,53 ....
W4 65i69 62,63 64_Q4 57,08 49,54 4%_2_ 64_% 65,56

.

(..

C TFFC 15;93 15,93
-N/RT4 ....266,94 --_65,27

DH/T4 0,07187 0=071_9

CI..... ET AT " 0_8980 .... 0189_1
HPT _9037_ 18347,

--HpAUX-_-E6_'80_-2_-_4-----

CL P4/PS1 3,8807 3,8799
--P5_ ........ 56,713 .... _4_368

T51 2128,0 2152_7
C - -FARSZ

WAR51
--W5%

( M9%

,

15,93 15,93 %5193 - I5;93 15,95 15,_3 C
-267,_0--269,06---'270,-43---271-;49--268i7T-268,3%
0,071_7 0_07186 0,07i81 _07_68 0,07189 0,07157

--0,89_1 .... 08982 .....0_8982 ..... 0_982 .... 0-__9_--0_898_-- _
180_b, 15!07_ 12188; 7178, 18780, 18483;

5,6856 3,9967 3,9073 3,9166 3_8799 3,885_
- 54,466 .... 46,90_---39_155---30,950---55_650---55;748 .......

2066,3 $93tit 1787,3 161_5 2152_9 2066,5
-0,02302-0i02306-0. 02174-.0_01983---0;01768--_;.015_-6---0,02295---0i0219 _ .....
0 O, 0, _ O, O; O, O, Oi

0,4798 0_4802 0,47_5 0,4785 0_4771 0,4749 0,4802 0,4795

p54/5% C,OOOO _,0()00 1,0000 _ 0000 I OOOO i;0000 %,00U0 _';0000
--P54 ....... 56,713-54;368 '54-_466--46,90 _ 80 .... 55 7.... 3 ;-155--30;9 ,650---55, 48........

T54 2128,0 2152,7 2066,5 t9311t 1787,3 t615,5 2152s9 2066_5
--FA R54--0; 023 O2 _02306- 03-02 Z ? 4--O_-d [ 983--_-OI"7-58---'dTO2516-'OTO 2295-_02_54 ....
NAR54 0, O; O, 0! 0, _, Ot O_ _.

-W54 ..... 69,C2 ....... 65,90 ..... 67;3? " 60_06 .... 52;_4 ...... 43';38 ...... 67",45 .... 68,98 .....
TFF2TC 56;22 56,24 56,24 56,28 56_30 56_28 56,24 56,25

--N/RT54 -93,65 92,37 ..... 92,33 '89,9t ..... 86,_2 ..... 82,t& ..... 92,25-- Vz,[9
DH/Tb4 0,1075_ 0;_0667 0,10655 0_10331 0,09794 D,09031 0,107_$ 0,_C656

C: 589 ,"x,..

C _ ............



({

NASA-USTEDLEC/Tp4 CYCLE (TUHUOPROP CORE CYCLE)
_0/20/75 ............................................

RESISED TO SltiULAT_ A PROPELLER IN FRONT OF lhE BOOSTER
--MISSION-ANA_YSI$-CYC_E-DAT_PACKKSE

C}

6)

"V

f"

case 65;00 66,00 67,00____6_8 _00 69 00 70;00 7iL o 7 ,oo

ETA2T 0,9198 0_9182 0,9163 0,9152 0s9092 0,9017 0,9181 O.91Bi

"-HP2T .....223727"--_l_YIT---2U9_2T---I&92-1_----f29-13-_-----8-_'_5-,t---2-f_, 2155-2:---

RNI54 0,8131 0_7696 0,8066 0,7482 0t6802 0,6014 0,7877 0,8255

-_P54/56--9_0023- B,83_4-8,8b_?-8,2351 ....7_3778--6_2347---6,9173_8,94_

0

0

--P56 ...........6,300 ....6_156 .....6_-148 ......5_695 .....5;$_7---4_9&9-----6",241 6,236
156 1304,7 !32_,8 1269t2 1?00_i L134,7 1061,2 1326t5 I767,1

--i_56-_--_._07-------68,? _.... 70T26---_2T63----54-,-.37_ST2_70T¢_3-----Ti3_2

M56 0_4778 Ot46B3 0,4678 0,4282 0_3784 0,3166 0,47d8 0,4731

0

P8/56 0,9907 0_9o10 0,99!0 0,9923 0_9938 0,.9_55 0,9909 0_99D_
-FARO -0,02206 0_0_210 0_02102 0t01900-0,01694 0,01452--0102199-0_020_2 --

WAR8 O, O_ O, O, O, _, O, O,
-'1_18...... 72_07_--_8,--7I ..... 70_-26---6_63 .... 5-4"T',_7_--_5_'_2-4-'-_0,_3 '_

<." T_ _304,7 1328,_ 1269|2 1200i_ 1134;7 1061,2 _326_5 1267, i

--P8 ....... 6,24_ ......6;101-- 6-,093-- 5_651 - 5_274 ....4_947 ...._,-i_4 6_i70 ......
P@QPO I_4302 1_3_80 1,3962 1,2949 I_2085 1,1335 1,4169 i,.4158

-M@ ....... 0i7441---0i7_94--0,7170 ..... 0.6271 .... 0_5336---0_4314--g,_343---0_7324 .....
V8 1237,3 lZlO,Z 1180,3 1014i8 848_4 670,0 1232_1 1202,6

(_.. _V9 0,9970 0_9970 0,9970 0,9970 0,9970 0,9_70 0,9970 0,9970

--AE8 ..... 847,I9-_46,3I- 847,19- 846,36---845_77 ....847_37---846_-40--846,_9 ....
- ' A8 833,4 8_2_6 833_4 832i6 832,0 833,6 832:7 832,8

FD i6765_ 17968i 179771 16942_ 15793, 1454D_ 19759, 19769, .....

" D/F..,PC ...... 4,7 ....... 5_0 ......... 5,8 ....... 6;8 .......... 8-;-5-----:[ ].-_-7.... 6_-6.... 6;(_ ....
CO 0,1843 0_1843 0,1843 0,1843 0,1843 0,.1843 0,18__3 0,.1843

-FO| ..........489,9 ....b37i3 --537,6 ....506"_6 ....472_2 ......434,8---601i0----601t3 ....
, =

SWFHG 1,00000 1,00000 1,00000 i_00000 I,OODDD 1,00000 1_OODUO 1,00030

"-SF NO .... 1,0000----13 0000 ....._,000 O--ITO 000--i T00_0---I_. 0 _0--_,--0o_o-_, 000

C ""
-WC3/2C 0,0902 .... 0_0002 "0,09_2-'0_0902 ......OTO�O_--O_O-¢O2--U._902---O_09O2 .........

WC4/2C 0,_6_4 0,0h14 0,0614 0,0614 0,06£4 0,06_4 0,0614 0,06_4
(_ -_C_12C O,O36O ......0,0_6_ .... O;OJ_O -0,0360--0;-0360 --0;.0350--_0350--0_'035d .......

WCSP2C _,0125 0,0125 0,012_ 0,0125 0,0125 0.0125 0,01Z5 0,0125
-WC542C .... 0, O, O, "O_ 0_ 0, O, 0;

(. WcbblL 0,0050 0,0050 0,0050 0,0050 0,0050 0.0050 O,0UbO 0,0050 ._
'WC55]2 0,0367 "0,0367 0,0567 0,0357 ......0_0367-0_0367 .... 0i0367---0_-0357 .....
WCb52C 0,0417 0,0417 0,0417 0,0417 0,0417 0,0417 0,0417 0.04£7

(_. " WCI/2_ 0,0320--0,0320 -0,0620 -0,0320-0,0320--0_032_---0.03_0---0,03_0 .....
fIHAH _,38h0 0i38_0 0,3_0 0,388(_ 0,3880 0,3880 0,38_0 0,3_90

-f'pAttb% .... O_850--O-,2FSO---O;28bO--O_2850---O_2850_OT2850----g-_28bO-_2BSO .....
FCA)I54 0_75D0 0_75_0 0,7500 0.7500 0,7500 0.7500 0,75U0 0,75_0

-FCHb51 _.,0000---1,0000 I,0000 " 1,0000-1,0000--1_0000---1;0000--1-_.0000 ......

FGH552 0,2770 0,2770 0,2770 0,2770 0,2770 0,2770 0,2770 0,2770
I --.................... - ...... C."
"-<._.

C] 590 '....

C! ......... .
,_. -

I



NASA- US TEDL EC / T.P.4_g Y_CL E _{ TU_ BO..P.RO.P .C.O..R_._CYCL_E)
(...,- 10/20/75

RESISED TO SINULATE _ PROPELLER IN FRONT OF TH_ BOQSTER
. --HI SSI ON"ANALYS !_--C-YC_5"'-D-ET-A--PACKA_E ....

((

G

0

"" CASE

.

I

73_00 74,00 75,00 76,00 77,00 78;00 79tUO 80,00

: ' 0

NO 0,750 0;750 0,7_0 0,750 O,?SD 0,750 O,7bD 0,750

" PG ........... 50,00 .... 50.00 ....... 50t00 ........ 50,00 ..... 50,00____50;00 .... 50,00.__50,00 ......

RC 40;00 40,00 40,00 40,00 40;00 4nO0 40,00 !O_O0
FNO loll6,0. .10115,0__9.89B_1 989Z;5ggTq,l___9_67_, 6 9427;2 9..o.;8 ....

-SFCO----0,5537 0,_3_0 0,5509 0,.5362 0,5485 0,5338 0,_466 0,53_0

DE,TO 22,30 4,10 22,20 4,00 " 22,20 4,'00 22mZO 4,00
TO__ 430,42 ....412,2_ _4_6,75.__a08,55____.423,1 ?......404,'99__ 419,62 401,42 _

--PO ....4_i690 4,1690 3,9811 3,9811 3,0001 3,8001 3,62_8 3,6258 ......
12 479,05 _58,79 474,V7 454,7! .471,00 45D,.7_ 4_.03 ...._46,78

--E_AR ..... ii0180-1,0180 ......1.0180-I,0180 ....Ii0180 1,0180 1,01B0 1,0180 .... 0

" P2 6.16L2;._ z.... __55._9 5 ="8 _'622 5"&20 5.&64 " 5.352"--P227P_---O';_99o O,V o O,V .6--_:_6----OT_996"-"O-_.Og6-'-"O_99V'_---_,09;6-'- ....

M2_ 0,6178 0_6_85 0,6260 0,5267 0,6339 0,6347 0,6414 0.6422 .'_
-P22 ........... 6,165 ...... 67!64 ........ 5,8_7--- 5,886 .... 5;6i9 ..... 5_6lB---E;301---5;350 .....

" --B- 9-_1346 .....@..-I2_:4.....9-_(_7 ?5 ....9yO-6-4d---9_-D-22p_---9-_-_O6_-B--,-9661 8 ,94)-7.....

-wB/_z c_-o; oo2o---o,-o; _o--o.-oo _o--o, o-o_--bTo O_'O---_TO-O-20-----OTOOZO---___-Z'O".......
( WB -'-0., o. O, O, O; O; O, / O,
( --PBD ........219,"_7..,_?19,88 ....212,9. 4--213,65-20_ ;72---207-,'_4--_(_if7--201, %7-- "

w 18D _.468,5 _4.I_?.,9 $465,3 1409_4 1462,2 140._6_1459i1 1402,7

( --WB_.............o,_,_4......o;,:_;,.:: o,l.ao.... o,_ .... o;i_7_-,-'!3o_o,-_zs----d-,_ .....
PBI 86,99 87,21 ....8_t36 84,58 81,_ 81,'95 79=i0 79,29

"--1"D I ----I1-63; 5-"-_ Z 173-? --- :%1_:072 T._'I 1 I4 ;-4--_'I.:Z _ _ D"--_-I 1"i. Z'--I-_3-; 8---I'[_7, 7 .....
(_ HPE O, 0, 0 _. '"--_. 0._""- 0 _ 0, 0 _ 0 _ 0

...................................... T;j_-_._ ...................................

P__NF. 93,9°,8 ?2,055 94,3_-"_"92,4 _.5"_"94_ 758 92,771 95,0v7 93,0_i

C -NF ...........4428,2- _536,7--_.4_, 4....4353i7 .....446"_,'&_--4370i 5--44 S0_0--4385 ;5..... -:_
PCNF _ 97,808 97,P_.8"""98,629 98,700 99..438"_99_516 I00,216 i00,302

---l_ 2 =_--I557 , 35-_..r._b_6_-;47 - 156973. 0--1570-718-- I'5 S0721-_ B__?,3_!_ 9D-_ 5--_ 91-,-'_ i----
w2 679 _,OIY*"- 695,04 656,85 671,64 634,07 64_,44 ""6,£1j '_4 625,38 ._

- P23/22j,$_'6644 --_. t-6654 " 1-;678]. .... 1-,679 t---:[-_-6912---i.6922 .... %.-70",_P.._1-_-7043 .......
Z22_0,65_5 0,6504 0.6652 0,6552 0,6596 0,.6597 0,6640 -_4_

(: ;-_r_r ....O;_e_6_Z.2.OZL&_.L?.2L.o_;32_.£1-.:_o_,.._.E%_O.,._@.2:_:;__.O_O::2Q.L:B._.LL-L_Q.;8/p:_ " ].
HPFAN 18145, 177P.5, .I.7676, 17320, I 7200s _85 _._ i(_ZIb.. lt',_7_)"

-'RrTT2"2_,_,§46_"D'__:'_ 07,':44_6 0,4746 0,4329 _,,4562 --O,4_Z/CE_zOz,_44"_.2

(, M23 r)_4,489_'i-44.9,6 ...._Q., 449. 3 0,4494 0 _44..9Z ......0.,,-4497 ......0,'45 U1 0,450_ -
-P25P23 i;oot_o....._;onoo -_.-:o._'Q.._:-_..;.o.oor_T_,3.:_Oooo---iToooo--_:7oouo----t.-oooo.......
H25P 0,499.8......0._4498 ......0",4478 O, 4496 0,44"_)_Sr""ITT44-Q_8 O, 44 ;8

(.- A#25P-':-_'3"8#2.--_ .... ;_872; 6..... 3872t 8 -3872_ 8 .... 3872 _-8---3872i 8--3872_ ........



NASA_USTEDLEC/T_4 CYCLE (TUS_OPROP CORE CYCLE}
.... I0/20/75 .................................

RES]SED TO SIHULATE A PROPELLER ]_ FRO_T OF TN_
--MISSIONA_A_YSI_-GYC_--DATA--P_C_AGE

BOOSTER
@

Q

C
CASE 73,00 74,00 75,p0 76,00 77;00 78';00 79,00 80,__00 ....

PEeP %0,26% _0_'266 9,879 9,883 9_503 9,507 9,1,12 _,%34

--P2525P---I}-O000- TOOOT----I,--0000---I.00oO---$TO-O-O0' i, ....
p25 %0,265 _0.266 9,_79 9iB83 9,503 9,506 _,I_.2 9,134 0

- g2_ .... i, 2654 --I _2661 - 1,21_.4 ---I,2189--i; I72 i_I_.-I-7_.6--1_i203---i, 1257 ....
125 566,5 b42,6 563,2 539,3 560,0 536,0 55617 532i8

--M25 ..... 0,4499 0,4498 0i4499--_0.4498--0_4499 ......0-.4498---U-,-4499....0_4-499 .... -_
W25 612,75 lSg6,37 591,69 604,90 570,80 583;64 550tU 9 562,52

: P28/25 0,9930 0_993U 0.9930 0 9930 0,9930 0,9930 0,99_0 0.9930 -_
-P28 ..........._0,189 ...._,19_ ....9iB_O ....9,814---9_437 ....9,440 ....9_06B _,-070 .........

T_B 566.5 b42,6 563,2 539!3 560'0 536,0 556,7 532_
, -_28 ..........6!2,75--526,37--591,6_ ....604,VO--570_BO-_583_64---550_ug--562,-= ._ _

CV29 0,9983 0,99B3 0,99_4 0,9984 0;9965 0.9985 0,99_6 0,.9986

C AE28 2691.0 _691,0 2691,0 2691_0 2691,1 2691,1 2691_2 2691,2 _ _
--A28 .... 2729,0--_729_0 2729_0 -_729i0 ....2729,0-2729,0 ....272910--2729,0
V28 I065,3 _u42_6 I062t1 I03914 %059,1 I036,2 10_6,1 1033_i

C --M28 .........liO000 _0000 ....._0000---I,0000--i_0000---_-,0000---_0000--I_0000- _. _

--ZlC ...... 0T&658 ....OFG618---OT6-6TI----OT6-577---O_6_70----O-_',6-_O--O-;"65-JB---O-T6_93....

L P24/1C 2,6736 _,6734 2,69_9 2,7001 2,7262 2,7268 2,75Z5 2,7531
-W%C_ 153,60 _b3,98 155,67 -156,03---_57,67--_58_02 .... 159166--%59,95 ......

..(

W_C 67 05 68.67 65,17 66 74 63_27 64,'00 61m35 62,B5
(_-" - ETA_C _ 0,8643 - 0k8647 0'8636 ....0,8639--0_8628---0_863i--0,86i9 -0_86_2 .....

Hp%C 4096, 40%5, 3995, 3915_ 3893, 301_, 378_, 37%E_

C

C

.k

P24 16,483 %6_479 15,8_5 15,893 %5_320 i5_319 14,767 14,756
T24 ...... 659,l .....631,3 .....65b. 7 ....627_8 .....652;4-_62__-4----649e_---_21_O---

M24 0m4443 0m4456 0,4473 0,4484 0;450l 0,4511 0,4624 0,4535

024 ........I_9860 .... _i9969_-I,-9579 .... 1,9473---_i8879--_896_--_;_3_2 ...._8443 .....
P2C/24 D,9902 0_9902 0.990l 0,9905 0,99D0 0.9_00 0,9899 0.98)9

."

C

AE 21.] 0, 0'_' O, 0, 0, O, O, 0,

-_.'B/H2e, " O. O, O, O, O, 0,. g, O,

P2C ....... I6,32%---I673E7---IS;737---15,735--_5;I&_--l_',165--_TT6LFS__)6 --
T2C 659,1 631,3 65b,7 627,8 652,4 624,4 64V_i 621,0

"PgNG .......99;-753--97-;70_ ....99_68_---97_617_99_519---9T;-549---99,-_550--_?_-76 ....

PCN_ 88,49% BU_560 68,655 88,729 BB_823 88,904 88,997 B9,081
- NG " " _4538,--14239, 14527F--14227_ ..... 14519V--142_7-_--l_51U_---_4205_ ....
PCNG.H 99,628 _9,705 99,813 99,896 100_002 _00,094 100,198 100,293

_ARC2C O, ..........0_ ........Oi..............Ol..........OT ............_, _, O_...............

W2C 67,08 68,57 65,%7 66,74 63;26 64,'80 61,65 62,B5
-_2C_ .......... 68_08----68_25---68¥_2_--68T58----68,-E75-----68_9D-----69_gb-'--'---693_O .....

. ,,.,._

_--=

( .- ,_ =

592 _ =

i
r_



: NASA-USTEI_LEC/T_4 CYCLE (TURBOPROP COR_

_..- %012D,'75 ...................... --
, NESISED TO SIMULATE A PROPELLER IN FRO'IT

.... _i |SS ! ON ANALYS I _ CYC__-DATA'"'PA-CKAGE

CYCLE)

OF T, E BOOSTER

0

Q

_'__CAS.__.......7._3_O.O_.....7_.4,.0.0.....7_,_o7_,_oQ
CI.

77',OO ?a;_oo 79_oo a_oLQO.....

P3/P2C 13,7979 13,8470 13,9019..__9519 14tOO3___,L4_n545 14,__0777_6_,!,__'15_4
--ZSC.............0i5_34....Oi_Z O/_B_4 O,_B7_ _,5B72 O,_BB/---_,5_-B'-20,59_0

CI E_A_ ........0,G615 O,B613.0,B60B _9,B606__O,B600 ....0,_B59___.9.,89 _9 O,BSB5
--H_C 18773i---_472, 16236, Z7944_ 17702( 17421, 1716b, %6890_

RNI2C 0,8224 0,B_72 0,79_.0 _.0.,.9420 0i7738 ...... O,B%6y._ 0_.7hu___0,'792{ .....

(.......P3/P2 36,5288-36,654Q-37,162_ 37,2973 37m7945 Z7,939_ _8_41$8 38,5626

."

P3 225,20 225,_4 218,7B _,_3 212_38
PS3 23.2,86 _13,54206,82 207 51 200,80

--i3 .......1468, 5...._412,0 %46513-- %409t4--1462,2

WAR3 O, 0 l ...... 0 i 0 i O_

--W3-- 64--80-- 66,3_ .....621-_5---- 64_47--- -&1,1_
W3_ 56_77 5B,_2 55,_6 56,49 53,55

-_ o,z_T o,2_9_---_z__ o,_B_3 -o_28_o

0

--P4/P3 ......0i9468 ....0-i9467 0,9469 .....0;_468 0,9470 0,9469 0,9471 0,.9470
WFM 5600,8 _452,2 5452,8 5306i6 5303,8 5162,4 5152_9 5014_B

-ETABM ...... 0_9875 .... 0_9_75---0,9875 ......0,9875-0_9875"---0V9875--0-,9875---0_987_--
FAR_39 0,02740 0t02606 0_02746 0_02610 0,02751 b,026_4 0_02766 0,02618

--T39 _05470---294_T-3054_3-"-2939_5---30_4_,_2939_3---_0-5_--5---_938_6 .......

T4 2959,9 _649,I 2960,0 2848_2 2960_0 2847,8 2959_9 2846,9

FAR4 0,02555 0,024E9 0,02660 0102433 0,02565 0,02438 0,025/0 0,0244_

P4 ........213_22- 213,90 .....207,X6 ......207,B5 ÷ _01_-12_201_B2--_95i05---_95,-73 ....

W4 62,45 63,85 60,67 62,06 58,91 60_26 57_Z3 58,45

0

0

213;13 205m94 206_58

%406,2 145911 %402,7
__, O, O,....

62"60 59 _7 60 72 r_
_8 5Z_V3 3'54._ 5 ..... 5 ,.Sq ....

0,2890 0,28_7 0 2856
' 0

C

,

C.

(/

TFFG 15,93 15,93 15,?
N/RT4 ..... _67,22-- _66,76 .... ?67,0
DH/T4 0,07189 0,07187 0,0718
ETAT ..... 0,8980 ....OiBgBO-0,89_

e

3 %5,93 15,93 I5;93 15=93 t5,93 "_
2--_.66,58 -266i86--'266_4_--266=-70--266,25 .......
7 0_07186 0,07186 0,071B5 0_071_6 0_071B4
0 ....0,89B0 '0;8980-- O_BgBO--O-,B980---O;89BO--

HPT %88001 %_}49B, 16262, 17970_ $772B; 17445, _729%, 169%5_

P4/PS_ 3,8747 B#880_ 3,8732 _,8794 3_8725 3,8788 3,8720 3_8793 .._

P51 ...... 55,02B--95;127 -- 53i486--53i577--5_937--5_]-03_---50%37_--503457 .......
15_ 2217,0 _27,4 2217,1 2125_7 2217,1 2126,4 22_7_0 2125,7
FAR51 -0;0242_0=02306--oi02430--0=02310-0;02435-_;023_4-Di024_0--_023_B ......
WAR5% O, O_ O, O_ O, _, O, O,

0_4805 0_4797 0,4605 0,4796 0#4B02 0_4795 0,48U_ 0,.47_4

C\

,

.

P54/5% 1 0000 S,O000 _ OUO0 1,0000 1tO000 1.,0000 1,00g0 1,000_
-P54 ........ 5_,028 -55,'127---3,4_6--53_577---51;937---52_03I__0_314--50,4_----- .._

T54 2217,0 _127,4 2217_I 2_26_7 2217;1 2_26,4 2217_0 2t25_7

"- F A_ 54--0] 0242 _ -_,_ 230-_,_ 24 _ O--GTo23 _-_-TO-2 _3 _0_£4_, _24 __-_,0231_ ....
WAR54 O, O= O_ O! 0, _, O_ 0_ ._

--W54 ......... 65i70 ...... 67__6 ..... 63-,_3---65_29 .... 61_-97----6_,4b .... _0_1-0---8-_i5_ ....
IFF2TC 56,22 b6,21 56,20 56,20 56,19 56_9 56_8 56_B

'N/RT54 94_05 ..... 94-,02 .... 94"i_3 ..... 94",'4! .... 9"4,'81 ..... 94";78 ...... 95"i15 .... 95-it2 .... ._
PUTT54 0,I0792 0mi0780 O,_OB?3 0_%0809 0,I0850 _,I0834 Q_IO8i6 0_I0850

C_ 593



NASA.USTEDLEC/T@4 CYCLE {TUH_OPRo_ CORE CYCLE)

_i; --I0/20/75 .....
RES[S_D TO S|HULATE A PROPELLER l_ F_O_T OF TNE BOOSTER

(

FO _6127, 16136, _L55_.6, 15524, 14915, 14922, 14322, $432_

C_ ._$.tcu¢._.z._-_4.,.at__,_._,.5.5_... _5o,. 07---.._..4._ 4._-t- 5-_-_.5.-_s:4-;._-_-_-5-r-_2,-----i-5-,4_ .-."
- D/F'_PC ....... 4-;7 ..... 4 i7 ....... 4i-6 ......... 4_6 4;5 ;4-_5 -4_4 ...... _4";14 ....

CD 0m1843 0i1843 0,18.43 0,1843 0m1843 0,11843 0t_,843 0,I843

_._ - FD| ........ 471-,2 .... 47Z,5- - 453,4 ..... 453_7---435,8 .... 436,I---4_.8_5--418,8 ...... ....
SWFHG 1,00000 l'_gO00O 1,00000 1,00000 1,00000 :_,00000 1,000U0 _._00000

-srNo ..... :L.O000---_ 00 0T--_.TO0 00--_,-00 00_ 0-00cr--_-70-_b:_OO_,-1-; O0"O_......
C.+

p..

.

(i:

I

-w0312C0,0902
NC4/2C 0,0614

'NC512C 0,0360
_C_[12C 0_0125

_055!_ 0,o050
-_C5_12 0,n367

_C_52C 0_0417

FIUAH 0,3880

-0_090_

0_0614
---0i0360

0,0_25

0,0050
.... 0_0367

0,04_7

-e:. _

O_09p20,0902---OTO-902 ....0:_0_02--0-_',0902-'--0_09%_ ........

0,06_4 0,0614 0_0614 0,0614 0,0614 0,06X4
--0,.0560---0,0360---0_0360---_7_360---U_0_60 ..... 0,-0350 ....... "_

0.0125 0,0125 0,0125 0,0125 0,0125 0,0125
0. O. O, ----_, _ _.
0,0050 0,0050 0,0050 0.C050 0,00_0 0,0050
0,0567 .... 0,0367l--0_0367---0..0367--0_03b7--0_0357 ......
0,04_Z 0,0417 0,0417 0,0417 0,04_7 0,04_7

0,0320- 0.0620 -0.0320 .... 0_0320--0_._320 ......O;03ZO ..... 0_0320 ..... .,
0,3880 0.38_0 0,3880 0_3080 0,.3_80 U,38_0 0,38_0

-FCAH51 .... Oi?850--0%2f_SU---O3_B_O--OT2_50_O$28SO----O_20S_---U-Z2B_O;2850 ........
F_AH54 0,7500 0_7500 0,7500

F_H_51 • _,0000- 1,0000 -_.,0000
FCHS_2 0,2770 0_2770 0,2770

T

0.7500 0,7500 0_7500 0,75U0 0,7500
_,0000'--1,0000 .....I_O000--I,OOgO--I,O000 ..... r =
0,2770 0,2770 0_2770 0,2770 0,2770 =

594 -"_-

I

!



' NASA,-USTEDLEC/T_4 CYCLE {TURBOPROP CORE

{_. .... . 0/2Gt75 ...............
RESISED TO SIHULATE k PROPELLER IN FRO,IT

q

_MI SS ION A NAEYS IS--I_YC_EFD_-T A- P_-CK'A-'3-E

(( ...................

CYCLE}

OF TN_ BOOSTEB
@

0

_-- CASE B1,00 82,00 83,00 84,00 85,00 86;00 87=00 88,00

_ALl 35000, $5000, 35000,
M0 0,600 0,600 0,600

. PC ............ 50,00 ...... 50,0U ....... 50_00___.
RG 40,00 4
FNG 8848,2 88

--SFCQ ......... 0,4886 .... 0,

DELTO 22_I.0

35ooo_ 35oo0j 35_______000L35ooo, 35op_L____
0,600 Q,600 0,800 0,8U0 0,800

50,o0 _.5o,00 .... 50;0o .... 50.,00___5o,0o .......
0,00 40,00 40,00 40,00 40,'00 40mUO 40,00
47_9 ......7077i_._7309i0 ..... 35.40..,4 8306,O___BB3O_.l.O .... 664.3;3 .....
4754 0,47_ 0,4749 0i4947 0,56Z6 0,5464 0,54)6

3,90 3,?0 3,90 3,90 22;L0 3,90 3,)0

0

0

3

TO 4Z5;95 _39
--Po 314580 3,4580

_2 446,03 426,52
--ETA R....... Jito180_,OiBg

P2 4,492 4V490
--_227P2---0_996 0,9996
M21 0_6437 0,6445

--P22 ........... 4,490 ....... 4_486---

7,75_i 39_7,75 397,75 397,75_4__:f,5,95___97,7.5___397,75_ • !J
3.45.8.0 _3,4580 3,45_0 3.4580 _,4_0 3.4530
426,52 __426,52 __426'52 _469;.43.___44_B_,b_9448,89 .....

l,OiBO $,0lBO :l.;Oi60 _.,0180 l,OlbO _.,0_.80 t.."_-
4,4_0 4,490 4,490 5,369 5,367 5,357

0,9-9V_)_'-0.g-99"6 O, 999() 0,9_'96 0,9996 0,09_6

0,5714 0,5047 0,4375 0,609_ 0,6106 0,5522 '",._
4-;-4_ B ..... 4 ; 4 B8........4; 4_ 8....... _3 67---_-T_J6 5---5 ;-Ss5 ........ "

' "_-P..-AYH _ "$-E#'R.....b-"CP__"_ #'IT'_ EpR_ S'_"_'R "S Er;R $'_pf4 S'__R.iI- ""

"__---o-;-o o2o--o.o-o"z_--o-Tooz o--o-:oo2o--o_ oozo--oTo-oTo----o,-o o_.:_-.o'1"_ 0....
( wB ---.,o, o, o, o, o; o, o,__. o,
. --PBD .... _,_7'ls-_.._5 -_71,43 .... 146,67, .... 120,55 .... 9 _ -i _ 4 --187"; 07-__8-7 m73 ..... _.6 _ i-t- [ .......

TBO _.409 ,"8"_&..354,8 1285,4 1209_7 1121', 4 1432 _..8"" ;L376,5 1315,2
"".----WBI ..........0,106 ....._,}.Q2 .....0,091 ......0 ;083 .....O; 068---_ 0_,_.'I6......0 ,-Ii9.....n;10_ .....L " _ '. . .,,.-."" - _- -

P_B! 66,89 67,0 zr_._..5..8,5 o 49,03 $ 9 ,._.8" 74,44 74,65 65,_8
-_ u _-----_: &:-i,-_--%-o-66._---_-o_6:L_--960-,'-__B';_;8---'1-f35-T3----_O_9 ,--'a--[_-4F,-o .....

C. HP E O, O, 0, "_.__..>.L_;_ " 0, 0 ; O, 0 ; O
.................... ............... ......................
PCNF 93.1.82 ?I,217 84,68Z 77.635"'-6_ _973 92_298 90.363 84;9.85

(, -NF ...... 4_590,3 4297i2 .]3.989,3 .....3657i4 _32']1"9.,.3_-_4348,t_42_5_-6 .... 4003,6 -
• PqNF_ 1110,494 I00,5.99""" 93,6.8.2 85i612 76:060" ""q2._018 97,1UI 9t;_52

--142 _- _593 "54-_1._5_`_4"_D-_85-i_--].._36`_-'_2-T_2_ ;_88_-545-_6-;{_5_46V9_-_453 _3E .....
(..: W2 524 .r-9'gr" 567,09 500,38 460,31 4:1,3 _86 593','37 ....607,07 570,33 h

- P23122_.-_'081 1,7093 _,5889 .... 1,4517 ":[_3133---_-,.6509- .... _T6_2£T-t-,543_-- "

Z 22_...-''_ 0,6672 0,6.673 0,6250 0,5669 0,5062 0,6457 0,6468 .....0._ 6025
( _ - _.,.O._.C.L__.._.CC_.Q..._,.63_'L;:_9. +._.¢Z.2..j:..Q_.Lt3._.I.,_.L,O..L&6.Q._.._-_.;-._,_{_2L..-LQ.I;,,._______L_-

HPFAN 13792L_ 13537, .I067_, 7996_ 5229; 15275, 14951, 12055_ ""

M23 D _4498""---0-r 44.£.£ ......0_,4455 0,4394 0,427.2 ..... 0..,.4.465 .... "0.-4"iFE(_ 0,44_3 ",
- PZ_P23 i,ooDo---ii-oeoo----y;bOO.pcc%t_,oooo;L_E.,7n'o6o--i--_o0oo .... _-,-oob-o---i_,oeo0 --- '"
M2_P 0,4491 ....D..m.4,4.91....0";44"_/8 0,4457 0, _4"3"__£""O,--4.4.9.9_.._0.t.4498 0,4417

--._i_2 _R _:_--"31Y7_-.8 .... 3 B72; 8 ---_387 2 i 8 --5872 _8..... 3 B72 ;-8---387-2 ; 8--- 3"8 ;F_'8-_ ......... ._)

• ©
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NASA-US'rEDLEC/TP4 CYCLE (TURBOPROP COR= qYCLE)

-%0120/75

RESISED TO SIt-IULATE A PROPELLER IN FRONT OF T_
---M |SS ION -ANA LY S!$-C YCI_E- D/_TA-"P.ACKAGE

CASE

BOOSTER

i

81i00_ 83__,00-...._8 _,00e4,00 85,00 86;00 eT,00 88,00

O

O

P 2_P_ .77_669 7"_'671 7,109 6t515 P_B94 B,861 8,864 _9
-P 2p 2_I-_ 00 0 ff'---_TO_---1%'l) 0 00--I_ O-000--ITO 0"00----I,-_-0-0"U0---I-_-0P-0I]-'---[.U0-00........
P25

-Q25 ..........

T_5

--M2_ .......

W29

O

"-7,669 7o671 7,109 6,515 5_B94 B,561 .<..-_;B04 B,279 0

0,9436 : 0_9440- 0,8703-0,7913 --0;6948 ...._0_3.1 iV0955 -I_02_9 .....
532,3 "'50.9,2 496,3 482,2 467_2 _53,7 52916 517,8

0,44o2 0_449_..,0,447B--0,4457 "0;43_I-_0_4499 ....0_4_99---0_44_7 .... 0

47%,_4 482,73 "_52_08 4iB,85 _.29:_87 535,'28 _47,_4 517,11

...... _"_'_. .... _..._ . C . _.- ------- -_
0,9930 0,9930 0,9931 "_'_31 0w9933 0,.9_30 0,9930 0,9930 ._P2B/25

-P2B ....... 7,6Z5 - 7V6I_-- 7,05_ _' 6i 47-0:_-5_-854 ..... 8_798 .... 6; 802---_2 21 ....
T2B 532,3 509,2 49_,3 482z2 '467_2 553,7 52_i6 517,8

--W2B .......471,_4 --_82,73...__52,0B " 418,85-_79_e.7_35;_8--547,b4 517_£_-- ._

CV29 0,9975 0_99_'5 0,9971 0,9970 0_9970 _9B9 0,97_9 0,9979

AE2B 268_,I" _68B,I 2682,0 2672_5 2659;6 2691,4 _v)_4 2690,8 ._

-A2B ...._.2_'9,0 -2729,0 2729_0 - 2729_0--272B;? -27_9;0 -27Z_.r_3_-2729_1

¥28/ 1032,7 $010,0 997,% 974_3 885;3 1053,2 i030|0"'s.*.0._18,4

--u@'8"-- i,0000-ii0000--I,0000---0_9896 0-_9005---i-T0000----l-_0_0-0---i_0_0"o_Q.....

""Z_C-- --_0-_[16_5 3 _T6_4_---_52_6-_]_97_--_-_-_'-_-75_3-_---_r-_6-73_`_-_--_T6_7l_--.-_'--7_6
P2411C 2_7407 2,7420 2,5062 2,2412 _95G0 2,6499 2,65U9 2.4638

-W%C_ .... %61,02-161;41- %43, _3 ...._23,10 I00,91---151-;3_ %5Z_0 '%35,50 .... - -
(

_[
w%C 53,05 54,36 48,30 41,46 33,98 58;09 59,b3 53,2[ i

(__-"-ETA%C ....0i8610 .....0iB611-0,8661--0,B652- 0;8561 0_8640--0-i0644-0_B644 .......
HP_G 3116_ 3054_ 242_, %800_ 1217_ 3442, 337_, 2759_ ._

P24 12,30_ _2;306 %1,24B _.0_ 059 B;,7 B 8 14,223 %4,222 $3 2t8 .,,r.,
C -T24 .........619,4 ...._92_4-- 574-_B--- 554_7 --532_3-- -&-44_-2- 61Tii- --60L_9 .....

M24 0,4600 0_461Z 0,43_8 0,4047 0_3654 0,.4400 0,4411 0.4%36

. - . . ._;___._ 024 ..........I_5756 _wSB30 ....1,31Z4--l,0304 --0_7493--_;6854- -i.-69_7....I_4055 _"
P2C/24 0,9896 0,9896 0,990_ 0,9917 0_9931 0,9904 0,9903 0,9914 -=

(. AEZD O; O; O, O; O; O; O, O,
"WB/_24 ....Ot O= O, O_ O, O, O,

(. -P2C ..... 12 ;i77---i2;_78---I_;I_2---9; 075 8]-7_7 14,0B6----I-_0_5 %3, 104
T2C 6_9,4 b92,4 574,_ 554t7 532,3 644,2 616t! 601,9 _.

_-. p_N_ _9_612 _9;702 _B,Ob7 86,438 B4,343 BB,254 _8,319 B6,85_
-NO ........... _.427_._ ......_3975_--13510_ 13028; .... _2452, ..... i-4_34, I_02U; .... 1363B_ ....
PCNq"H 100,890 10o,991 99,1_0 97,317 94;958 99;362 99,4_5 97,803

Cr" -WARC2C O, .........O_ 0, 0= O, _, 0-, O,
w2C 53,05 54,36 48,30 41,46 33;98 58'_09 59_b3 53,2i

-W_C_ ......... 69_97"--70-_I_ 67T07 63_-_7 _7;97----6_5_ -_?TTO- _4T26 ....

0,'

............... "m

[
_L.I :
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NASA-USTEDLEC/T r_4__C_.Y_Ck.__( TU.R:B.gZ_RO=._C.OR.=_C_Y_CL_E)
....._,o/20/75

RESISED TO SIMULATE A PROPELLER IN FRONT OF Yhe_
"--'HISS ION-k N".CCYSiS--C-?CIL-_--DAT"A--P._-C-KXG'E.

BOOSTER
0

0

i •

,,_. _c_AsI_........ _B1,00 e2,00 83,00 B4_;__O.O BS,00 86,0o S7_O0 ee,O0
C

P3/P_ Z4,4120 14,4607 £_3_z.P51.0_.2j_4.314 11_036B_13,6478 13_L6978 %2_722_ .__

ETAC 0,8547 ....0,8542 ....0,8630 ......p__B6BOp,B717____O_,8.623__ore6_2_p..,867% .... ,_
--HpC .....14422z 14187, 11694, 92o3_ 67477 157_4, $5535, %296)_

RNI2C 0,6626 0,7005 0,6656 0,6232 0_57.45 ....0_7_01 .....0_7715 0,.73P0 .......
--P3/p2 -39,0883 39z2367 33,590227,629B 2%,4605 3_,8%71 _p,9600 3i_0735

,..

C
I

T3
WAR3 0

--w3.....:....'
W31

---M-3 0

(>..- - e4 ........ 1
H4

• °

75,50 176,10 %50,76 124,00 96,32192,24 192_93 166,71

0i 0, O_ O, _..I) O, 0-

44,9% 46,0_ 40,_8 35,09 28,76 49,_7 50_9 45,04

--P4/P3 ..... 0-;9474 ......0_94- 73---0,-946_----0_-9448 0;9430 0,9466 0,9465 0.'9453

WFM 4323,6 4206,3=__3339,8 _521_3 _751_3 4664,9 _537_5 3651,4
-ETABH -0,9875 - 0,9675 0.9875--0,9875-079875---0_9875----0_9875---0,'9875-- -_

FAR339 0,02674 0_0254_ _,02269 0_01996 0,01691 D,02635 0,025gl 0,02252
--_ 39 ....... 297 _ _---285 B_,7--_-659 T_----_446_ 9----2 _9"8 ;-7----2-9T1_8---_ 8_6-_ 6_2-67 4T 5....
T4 _880,0 _76B_7 75_76_2___23_Zii__,.2132;I 2880,0 2767,9 259Z,3

-WAR4 ..... D, .......... O_ O, O! O, O, P_ 0,
FAR_ 0,02494 0_02368 0,021!6 0_01861 0,01577 8,02457 D_023_2 0,02%00

66,26 _66,B_ 142,63- _17.16_-90_83--1-8_-_97--_82_G0 ......157,59 .... "
. ,

49,36 _0,51 44,78 38,34 3_,34 54,03 55,_0 _9,32

(_ TFFC
--N/RT4 .... 2

DH/T4 O,

C --ETAT ......0
HPT I

"-T_PAUX ......

15,93 15,93 15,73 15,93 15_93 %5793 %5,93 _5,93 ,._
65_93--_65_52 .... 266i_7--E67_55---269_68_267__0--266i-6_ .... 267_6 ......
07181 Oi071Sg 0_07_77 0_07169 0,07152 0,07_85 0_07154 0,07%9%
_8979---0i-8979 ..... 0,8079--0,8979--0_E977--0_98_--0_8950 .... 0_898% ...... _
4445, 14209, 117_3, 9219_ 6760_ _5818, _555_, 1299_;

_. P4/P51 3_8735 B_B_04 3.8970 3,9019 3_9116 3.87E5 3,88_3 3,8933
--P51 ........... _2,921--_Z;987--36764_--30,-026 ..... 23_-22_---_,-$42---47TOZ_ 40,478 .....

15_ 2i52,5 _062,8 1909,1 1747,7 i5E2_0 2_52,7 2062_4 1922,3

_. ....FAR51 - 0,02367--0i02248-0_02008-0i-01767-0.i0_9T--_,02333-0-_-022_4-0_-0-%9_3 ...... ._
WAR5% O, Oi 0, O_ O, b, O_ 0,

--W 5_ 5IT�-4--t_F'ST%_---_7T_2_40T35----32T _B------5-6_"55-----SB-t-l_----5i,-;-_-)-0--- -

[. M51 0_479_ 0_4785 0,477_ 0,4754 0,4727 0,4796 0,4790 0 4778

.('"

!

p94/5£ i 0000 i,OOO
P54 ...... _,921 ......_2'798
T54 2J52,5 _062,
FAR_4 .... 0_02367--_0'_24
W_R_4 O, Oi
H54 .......51_94 ..... 53T1
TFF2TC 56,14 b6,1

N/RTS4 94_63 ........ 94,6
DHtT54 0,_.0690 0_1067

o _,ooo0 _, oooo 1£oooo 1,oo_o _ o00o 1,oooo
736i64Z---30,026--23_221--_6._42 .... 4}_0Z_--40,-478 ....... .]

B 1909,1 _747_7 1562,0 2_52,7 2062_4 1922,3

_--O_-_EOOB--O]-O_767-O_Ol_g7--_--Z02333-_--022_-4--_-O-%9_3 ....
0, O_ O, O, 0_ 0,

5 ...... 47_12 --_0-_35 ..... 32_ 98 ...... 56-_85----58_19 .... 51-_ 90 .....
6 56,_8 56,17 56,14 56_9 56,Z0 56,_2

2--91,-30 ...... 87,49 .... _2_22---93"_72 .... 93i71 .... 91,32 .....
6 0_102_ 01097_9 0,08842 0,I0809 0,10795 0_I04_
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NASA-USTEDLEC/ T:P4=...CY_CLE__._(TURBOPRO_P CORE CYCLE)
(, Iu/20/75

RESISED TO SIMULATE A PROPELLER IN FRO'qT OF" TFtE
.....MISS ION "ANAI.IYS I_-C YCI_EZ-DA-TA-P ACR'A_E

((

BOOSTER

0

CASE 81_00 82,00 83,00 84,00 85i00 86;00 87!g0 88,00

C' ETA2T 0,9198 0,9201 0,9162 0,9102 0,9004 0,9_92 0"9i94 0..9_6 0
"NP2T_-l6908;----_65_I;---1-31_3;----(?696_ 64;C_;--_8-_-15;_18-3__4-B_3[_

RNI54 0,6077 0,6378 0,5921 0,5346 0t4678 0,6645 0,6_78 0,r'64_0 0

.,p54/56---B,8335 .... B;8558.--8,-16_1.--7-;2294---_;-9750---9_-_5-_--9_-_7_3---8_6o2.4¢ ......

-P56
T56

--W96
M56

4_859 .... 4_85¢---4-C-477 4,i53 .... 3_8-86 5,I32 S-_1-_7 4,6_3
1326,_ _264,3 1185=0 Ii10i7 1033_0 1317,5 12_5,7 1180,7

5_4_5--_5T42----_9_--3`3-----_2T_3T_-'4-_-_--_59-_'__-_-_._6_---_--5_'--[_
0,4668 0=4660 0.4235 0,3684 0=3018 0,4874 0t4867 0.45_ 1 ,_

P8/56 0i991% 0,991% 0,9924 0.9941 0_9959 0,9_04 0.99U4 0,9916
--FAR8 -- 0,G7268 O;02154"OjO_92_-O_t693-o-;g_34-_b2235-O_0212-:_'-_-_19_O ......
WAR8 O, O_ O, 0= O, O, O, O,

--W8 5_9------_5-,--42---_9¥Z3--42TO-B----_T-_'-4IT----59___O; 5"4T[_2"
C. TO %326,1 1264,3 i185,0 li10i7 1033_0 1317,5 L255t7 1180,7

-e8 4;816---4;_1t ..... 4V443 .... _;i29 ..... 3;870 ...... 5T063 .... 5;078 4,6_ .....
POQPO _,3926 %,39%2 1,28_0 1,1940 1,1%92 1,4699 L,4684 %.34)8

t -MO ...... 0,7152 .... 0,7_31 .... 0,6_72 -0,5156 .... 0_4085--0;7737---0;77_5---0_6735 .......
V_ 12n2,3. 1172i0 995,6 812i7 627,4 12_8,1 1255s6 1076,2

CV 9 0,9970 0,9970 0,9970 0,9970 0=9970 0,9970 0,9970 0,9970

-AE8 ....... 846i46--846,7b .....846,51-846,59 .....848",08---847-/07--847_3--847_7 ....
-( A8 632,7 833,g 832=? 832i8 834,3 833,3 833_5 833;6

L.3

(L

C

F'D 9795, 9799, 93.29,, 8398; 7551"; 14765, 14768, 13874_,

--D/F,P_ ......... 2,9 ...... --2;? .......... 3i4 .... 4;_. ...... 5;-6 ..... 9;_ _-/'_._..... 6;2 ....
CD 0,_.843 0=1843 0,1843 0,t843 01,1843 0,!843 0,_.843 0_1843

" F!)! ......... 256,0 ..... 25_=2--- 236,6 ..... 219i5 ..... %97-'. 4----44 _,-4 .... 44I]-7 .... 415;0 ......
5HFtIG 1,00000 l;OOOOO 1,60000 1,00000 I,O0000 1,000P0 1,000{JO L,0oono

"- $ F NO_-l-_ O 000---:[,-O O0"0_1; 0000_1. 0 O00--%"_t O-O-O1T---T_-,{'JO'O-O----1_--0O .gO----1-_,O-O-OO.....

-wC3/20-0;0902---0;0902 ......0,0902--0;0902-'0T09_2---0_0_02--0_-090"2--0_099_
NC4/20 0,0514 0,0614 0,06_4 0,0614 0,063.4 0.06L4 0,0614 0,06L4

_ WCSI2C 9,0360 .....0_0360--0,03G0-0,0360 "0[0360--0-_:0360 .....0-,.03§0.....0_0350 ......

wCSD2C 9,0125 0,0_25 0,0125 0,03.25 0i0125 0,0125 0,0%_5 0,0%25
'_Cb_2C--O, O, 0, 0, O, O, O, o,

_i WCbSIL 0,0050 0,0050 0,0050 0,0050 0;0050 0,0050 O,OObO 0,0050
wC5512 0,n367--0i0367-0,0567-0,0367 .... 0r_'0367--'0"_0367--0;0367------0_0357 .......
HCb520 0|043.7 O_OaL7 0,04_7 0,0417 0_04_7 0,04_7 0,04_7 0.04_7

C. --NCl/2G-O,0320 .... 0,0320 .... 0,0320 '0,0320 .....0-_03_0 .... 0_0320_0-_-0320---0_0320 .......
FIBAH b_3880 O_3_IBD 0,3850 O,3BBO 0_3880 0,3880 O,38bO 0,38_0

_F`qAUbL_-_2_5_--_2_5_--0¥2_b_.--p_255_---D_285_---_,-_2_5_---_2_--_-_28_ .....
CI F_^H54 0,7500 0,7500 0,7500 0,7500 0,7500 0v7500 g,7bgO 0,7530.

-F_HPSL _,0000 .....1=0000 ......1;0000 .... 1_0000--_0000---_-_0000--_1000-0--_:000_ .....
FCH_52 0_2770 0,2770 0,2770 0,2770 0_2770 0,2770 0,2770 0,2770

(
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! NASA,.,USTEDLEC/Tp4 CYCLE (TUHBOPROP CORE CYCLE}

{_,___o/2o/7s
RESISED TO SIMULATE A PROPELLER IN FRONT OF Tk(_ BOOSTER

--H! SS ION-_NJ[ EY S-,$--¢Y C-L-_-D'A-T_ ACK_,-,E

9-;(,
CASE 89_00 90,00 91.Q0 00 93',00 94,'00 9,5,00 96,00

0

#-

_ALl
MO

_.P_ ...........
RQ
FNG

--srGQ......0,_62

DEI, TO 3',9

PO 3,
T2 448i8

--_TkR ........ 1,018
P2 5.36

--P2zTP-z--_999
M21 0,496

-P22 ........ 5;36

Q
. 3snoo, B.5_O.g_q_L__35000,35ooo_ 3_______soo._o_._5o0o__,35OOE,__.__S_EE_.....

0,800 0,'800 0,B00 0,800 0_800 0,800 0,BU0 0,B00

50,00 ._.50_00 .............................50,.00 50,o0 ...... 50,00 50','00_ 50.m00 50.,_00 --'
40,00 40,00 40,00 40,00 40,00 40_00 40,00 40,00

4984,i 3623,2 8306,0_0510_. 8304,9 8306,5 530_198306,5
7-_ 0,_6005 " 0_5-6_6 .... 0,5464 '--0%5569--0J5684 0,5_C5 0,'54)2 ....... :_

0 3,90 22,10 " 3,90 3,90 _ 3_90 3_9o 3,_0

5 3y7 75.....4%5,95 ....397,75 397_75_._397.'75__97,75__397_75 .... _
0....3,4590 2,4580 3,4580--3;4580 3,.4580 _,45_0 3,4580

9 448,89 469,43.__448,89 448,89 _._8,_89____4A8169 _4B, B_......
o....%,0%B0- $,0180 1,9180 I;0180 %,0180 1,01_0 %,0190 _

7 5"367 5.369 5.367 _367 5.36.7____.5_ _.35Z .....
6---0-'-;-_996------0_997_---0-;-_99_--0_9_6---_,_9- 6 0,_99&-----_:_9; 6

0,4407 0,6078 0.6106 0m6125 _0.,.6141 0,6158_.___0_,_61_2 .... _
5 ...... _,'355 .... 5,367 ...... 5_365-- 5;265 5.365 p,3_5 5,355

P-A'rH £EPR SEPR - SEPR ;:_Eb_ SEPR--'--SEPR "_EPR" __S.E__P!!_C_

( we -"-o,,_ 0, O, 0, 0; o, o _/ o,
. - PBD ........134 ,"75q_-_.06-;50--_ 8T;-Q7---I87 ;-73--;[B6 _-75----i-85,'55-_,,.]_8W,2_--i8 7,-40........

" ' ' TBD _.244,1 "_J.-%.._2i51432,8 1376i5 _375_5 137_,r,__" 1377,7 1375;2

(.,_.._'IB| ........ 0,092 ......0;"[}"7_. 0;ii6 ..... 0;1!9 ........1;322__544 .......3T78:[ ....0;1_.9- " "
• PB| 55i47 45,08 ""..7.41..,44 74,05 73_/_ 72:17 70,Z4 74,52

--TO I---------992 ,--?---9-'6377---_-Z35_'q._-I:0B 9_-2._.E-B'8"8_-%---EO88_-2_-'£0BB-i9--_.-OB8;-6-......
C HPE 0, 0, 0, ___ 0_, 0, 0, I00;0 C

. _ ................................. _----_-7.-._.4._.................

PCNF 78,310 70;'617 92,2 _""90 ; 333"_9Q,_475 90;606 90,7.40 90,_09
-NF .......... 3689,2 ..... _,.i 26,8 -...A_'4_, I- - 4255; 6----426_':-&C._--4268 ,4---427 4i 8--4254,4 .... "

PCNF_ 84,177 75L9.._-@f 97,018 97,101 97_254 _'97_..'i94 97,5,}8 97,074 "
--w2 _.... 135 P,-;-%4-_-o-s_,-7T-.I5-45,64-:L-5;I539 B-[ 5T9-.-7i-_52."O_gT.,t-_-5-4T4-B--1-54&-,-];6......

(- W2 529._ 484,93 593)37 607,07 608_14 609[08 "6-'$._01 606,_3 "_
' " P23/.22 _.-f",'r270- 1,3024--I,6D09 --tc,6_2t ;--_F3-6538--I_6556 ....._",6"J_._1-_6521 ........

Z22/ 0,5475 0,4801 0,64_7 0,6458- 0_6448 0,6443 0,64,19 q_,-6..4_56
C.. -.LE_...,Z_.,_O.,.._.6(IP.,:_O..i84.5J,.._;._0...,.6..6.D``.8-_-`_*_.6_.°_"`.-.._._'_6i.IL..`-_`_Q6.1`_-_-_e;6_1_o_8_.9...... ]

HpFAN 9156, 63(17, 15273, _14957', 15002, _5048_ _509_, _4955:

C.. M23 0,4407 - 0,43-.42 .... 0).4485 0,4486 0,449k .... _._,44.94"'-'0"_";_498 0,.44_3 ."

(_i

- P25P23 - I, 0000- I, 0D00 .....I. D0.0_0",:="I.,_O000"_-_:;"0"000-- ITD000---I-, 0OU0--]. ;.D000.........
M25P 0,4490 0,_1474 -0;44.99 0,4498 0,-4",_98....0.,_4.49.8....0_4498 0,44_8

--A,i_._._-_ 8-9"2_,B'<"B 872 i8 -- -3872-_ 8----,3872 ) 8---3872 ,-8---3B 72 _-8----_872 _'i'_. "_58q_ .......

i ..

599 ..,,
'jI. . ",._r

(_. _ ........... .....
i

L J



_, __LEL..L.- -....

NASA-USTEDLEC/TP4 CYCLE (TU(RBOpRoP

C.. -- },o/_o/75 ...............
RESISED TO SIMULATE A PROPELLER IN

---tlISS ION-ANA[YS IS-CYC _,E-D-/_TA--P-A-CK_GE

COR_ CYCLE}

FRO'_T OF TI_ BOOSTER
0

Q

k

i

'i

-(
(,,_.

CASE .89_00 90,00 91,00 92,00 93,00 94;00 95j00 96,00

P25p __'_7,656 6;987 8,861 B,864 8;873 8,8B3 B,892 8/_B._4

--p25RSp---1-_)OOO---_r-'_-OO_O--1_OOOO-=--'J.-:O-O0O--_-_-_CO-O0 %',OGO-C--_,-_-O'O__O-o_ v

P25 7,656_6;987 8,661 8,864 8;873 .8,882 Bj."8a__._ 8,853
-025 ........0,9419 0_"8_43 -i.093Z 1.0935 ....%;0947 ...._,0958_.:'£T-,09/I---_-.0934 -

T25 504,8 490,6_w_ 553,7 529_6 529_7 5_ 530_% 529,6
--M25 ........0;449_--0;-_475- __V9-0,4499 -0_4499__,_;0"_4409 ....0_44_9---0,.44;9--

P28/25 0,9930 0t993% 0.9930 ?930 0_9_30 0,9930 0,9930 " "

-P28 ............7,602 ....6_939 ......B,7_8_._.>'g-,802" _L_BI_8,-820----B]_O----8;BOt .....
128 504,8 490,6 55_ 529i6 5_ 529,9 530t% 529,6

--W28 ........:'l-483m81 -446-,67__28 ....54.7,54 .....548_03_'_5,_8-_51----549_03-547_52 ......._
0V29 0,9975 0,_9..9--71_r 0,9989 0,9989 0,9989 0,_9._9 0,99_9 0.9999

AE2_ 268_._'0 " 2660,59216 _4 _69t_4 " 2691i4 269t,3 _='0__,4 269_,3 -_"
-A28--j.2"T_9,0- _729,0 272_,0_729;0--2729,-I---2729,_D----27_9_B...._2729_0 ..... J

V2Bj.... ,,'_ 1005,6991_4 105.3_21030_0 1030,I _030,3 _030_5 _I'B.,;3.0,0

-_ B......... _ ioooo - _, oooo---_.,ouoo---z;oooo - _ ioooo-_-_oooo--_oooo--t _00"_ ..... r_

-'-Z_C ........_-_?5_9-_-_B-1_2_3-'6_7_3-_67_-_-_-_5_--_-_-_,_--1_`--_-T_9_ 'O;BB_B ....
P24/IC 2,2106 _t9624 2,64_9 2,6509 2,6562 2,6244 2,61_2 2.6577

' W_C 46,02 38t_6 58_9 59,53 . 60;11 60;57 60,98 59,31
--ETA%C .....0,8608_ 0,8_/4--0,8 0.....Q_8644 ......0t8649--0-;8648---g;8_45 ....0;8639 .......

e

HP_ 2073_ %462, 3442t 3372, 3381, 3589, 3390_ 537_

( P24 %_,860 10;528 %4,223 _4,222 _4_145 14,080 %4,020 _4,259 _.-
-T24 ...... 581,9 ........661,7 ....644,2 .....616_I .....6%4_9 ....6I_T0 ....613_2 ......&16_7 .......

M24 0=3871 0=3507 0,4400 0,441t 0|4493 0.4560 u,46Z4 0.4378

C -Q24 ........ 1,1219 .... 0,8325--_-,6_4- 1-,6937--1-m7394---1,7762 .... 1_811I .... %,6762 ..... ._ _
P2C/24 0_9923 0=9q36 0,9904 0,9903 0_9900 0,q898 0,9895 0,9905

(7 AE2I) O, O, O, O, O; O, O, O,
-W_I_24 .... 0 I 0 I 0 ' 0 , 0 _ 0 , 0 _ 0 ,'

(_" - P2 C ......... [ _-;769--_-O-T_ G1----i.
12C 581,9 561,7

-PCNG ...... 90;5_7--66_72_--_
_. PCNG _ 85,485 _3;33_ 8

N_ ........... 13196_ ..... I26403 ....
PCNG.H 96,244 93/827 9

-WARC2CO;- O_ O_
W2C 46_02 _8,26

644,2 616il 614,9 614,0 616_2 616,7 -

8,264 88_3_9 8B_7_1 89,136 _9,6_6 88,146

4334"_ ....14028_---14077_--_4154_---I_202"_---_'_007_ -
9,662 99,435 99_876 _00,355 _V0,_95 99,240

_, O, _, 0, O, -...
58,09 59,53 60m_I 60';57 60198 59,3_

-W 2 C - .......... 60,87 .... 55; 9 .'1..... 67-154 _--6 7.70_-68-; 69-'---69-; 49-----7 g-m_n ---_-7 ,-L;0....
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' NASA-USTEDLEC/TP4 CYCLE (TUI_BQPROP COR_ CYCLE)
...........................

_.... J,D/20/75
• BESISED TO SIHULATE A PROPELLER IN FRO',IT OF TI_

--HI SS l0N-_NA CY SI 5--C-_I_T.-_'--DKTA--P-A-dI_-QE

BOOSTER
0

0

_ CASE_ ............_89i_00 90,00 91,00 92,00 93__00 94_00 _5___00 96_i_0_0.....
0

P3/P2C I_37B20 I0,4874_..__.3,647B ;L3_.,6978 !3_7013____3_6728 _3±632..2 _3__6345

' ETAC .......0!8706 ....0,8.722 ....0,8623__0,8622 ....0i0606_____0,85670.,.851_7___0.,8630 ._-

'--HPC _030 7773 , 15794, 15535' 15561 ! _5587 , _5614 , _5439_
RNI2C 0,6_ '' . 23_ 0,6433...0,750: ....0.t7715_. 0,76B____0,..7666 _0t26._3_._0,77_7 ......

( --P_/P2 ....25,8452 20,4479 65,8_71.35,9600 35,7588 35,5155 _5,24v4 35,8913 _

P3 138,66 109,71 192,24 192,93 191_B5 190_54 189,12 192,5b

_--T-3..... 1244,1 _62,5 14_2, 8 1376i5 1375;5 1376,2 137717 1375,2
- O_ 0,. 0 O, _, 0,. O,

w3WAR_ O,.....45-- 36,96 56,!2 "57,5_ 56_86 56,09 55125
44_95 32 39 49,_7 50 39 49 67 48'_84 47,9b

M3 0,296_ O,

(: 57,30
50,20

301_ O, 2902 O, _90_ O| 2882 0,_2860 O, 2Bd_9 O, 2894

WFM 2804,3 _994,9 4664,? 4537t5 4625.3 472].,6 4821_7 4562,2
_ -ETABH ...... 0,9875--0_9875 .... 0.9875--0,9875 ........0_9875 ......O-_�875--Q.�f175---O-.9875-

FAR339 0,02000 0;01711 0,02635 0_02501 0,02566 _,02685 0,02793 0,02524
-"3'_9 2478T2--_2_ST3'--297_TB---_-856T_ .... 2599;9---_95_,3 _007T3--2857_ ......

( T4 2402,5 Z178,4 2880,0 2757_9 2S06;7 2853,3 2903_9 2778,1
--wAR4......O,...................o;.............0-,.............o;........................Oi-......o-;...................
FAR4 0,01865 0_01595 0,02457 0,0_332 0,02408 0,02495 0,02591 0,02354

( -P4 ......... _30i9_ ..... _03,3_ .... 181,_7---182,60--181,70---180_S9---179i_7-182,30 .....
W4 42,55 35,29 54,03 55,30 54,65 53/87 _3_04 55,1I

(:

LI - FARSI--O
)tAR51 0

--W51

(. M51

TFFC 15,93 15,93 15,73 15,93 15i93 i5_93 _.5,93 15,93
--N/RT4 .... _69_23---_70,82---267_-10 .... _66;64 .... _55;71---264;61---263tb-4----265,75 .....

DH/T4 0,07174 0_07160 0_07185 0_071B4 0,_718I _,07178 0_07176 0_071B4
-E!AT ...... 0i8981 ..... 0_89Bi .... 0,8960--0.$9B0- 0_8979---0;8_79--0_8978 ..... 0;B97_

HPT 10377, 7787, 15818, 15558, 15585, 1561_, 15637, 15562[
- HP AUX..... I-7T26-----_-4 ;--57--__- 03-----23T_ ?------23 ,"33--_,:5 _------23_-2_2_ C_--_......

P4IpS_ 3,9030 B,9121 3,8765 _,8833 3,0760 3.8722 3,8666 3.8831
-PS1 ...... 33;539---_6_425 .... 46.942_7_021---46;853---_6-;637---4B_3_9---46_947 ........
151 1772,5 1598,2 2152,7 _062,4 2092;6 2_29,0 216B_6 2070,5

;01770 0_015I_ oio2633--_o2214-o;02283--_o2363-o_-o24_o--o-_-o223_ .......
. O, O, O, O, _, O, O,

4_T? 9---_ 7 Tl 5_56TB 5----58_,_ 9---57-_6--'--5-6_-_£ _ _--5-7 ,-;-99....
0_4761 0_4738 0,47y6 0,4790 0_4793 0,.4797 0,48_2 0.47_%

-.,...

3

°

/

p54/5_ 1,0000 1,0000 1.0000 1,0000 _ 0000 1,0000 1,0000 1,0000- P_4 .......... 33,539 .....26;425--46,942 ..... 47,021 _--_6;853--46_-637 .... 46_309---46;947 ........

154 1772,5 _598,2 2152,7 2062t4 2092,6 2129,0 2168,6 2070_5
-_T_AR54--_;_77_-_51_---_T_233_-_T_22_4-_22_:_-_-_'_--_-2363_-IT_._2_--U_2_4_

_AR54 O, O_ O, O, O, _, OI Oi
.....W54 ......... 44;79 ...... 37_15 .... 56_B5 ..... 5B-_19-- 57_56 ...... 56_B_ .... 56_U_ ..... 57_9 .....
TFF2TC 56,22 56,20 56,19 56,20 56;20 56_20 56,ZI 56,20

'N/RT54 --B7;63 ....... 83,22 .... 93;72 ...... 93,7i .... 93;18-----9215E .... 9i-,B0---_3,50- "
DHtTb_ 0,0999B 0_09249 O,lOBO_ 0_10795 0,10787 0,10775 0_%07o4 0,107_0

°,

.J

'"L

L- .......
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Hamilton U

Standard 121.
SP 05A75

GENERALIZED PROP-FAN PERFOR_L_NCE A;_V_IGR-T

PERFORMA NC E

The attached aerodym_nic data presents Prop-Fan parametric performance data

covering a range of power loadings (SHP/D2), number of blades, tip speeds and flight

Mach numbers.

The cruise performance data is presented as _Ln.i'nstal.led_ net cffici_ency: For this defi-
nition of efficiency, the increase in shaft thrust due to the Prop-Fan operating in the

retarded velocity of the nacelle has been removed. This correction is required since

this thrust increment is complctely off-set by an cqual_rcssure drag force on the
nacelle. _-,_-_..tc _¢; c-_-/.

Installed propulsive thrust is obtained by adding the untnstalled net thrust and the core

engine jet thrust and subtracting the x.L,!sco__us_drag of the nacelle ,_nd the losses due to
the nacclle/wlng interfcrence as illustrated in the following example:

Assume: 0.8 Mach number at 30,000 feet, ISA

12000 shaft horsepower

500 pounds of jet thrust

420 pounds of nacelle and wing interference drag.
8 blades

16 foot Prop-Fan diameter

Then:

Og'7 ,

WE IG }IT

At 800 feet per second tip speed and SHP/D 2 = 12000/(16)2,_.46.9
Net efficiency = 0.795 from curve P-32129 :r ,/.'4/;mr

, JNet thrust = 550 SlIP x _ net/velocity (FPS) _rtf:, ::_ "_ _.a_._.._
Speed of sound at 30,000 feeflSA = 994.4 FPS /'__!
Net thrust = (550)(12000)(0.795)/(0.8)(994.4) = 6596 pounds _-- " : '

Installcd propulsive thrust = 6596 + 500 - 420 = 6676 pounds

T_eight data presents parametric dry weight for an 0_8_, capab_

Fan. The _range of fan diameters, number of blad_ing and

tI:-speeds. _ _ -

Thc rotor weight includes t__e..Ad s, disk, spinn_'_e_)ch change system, The

gearbox'__earbo× integrated with the rotor_'_e _p_rovide
the,,a_qc_ed engine-to-rotor speed (rpm) reduction and to provide _ruc_pport
of the Prop-Fan system.
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Li,,.-AL.W" ,w=_ ,._-..--J==',., r,,j ;. L:'a :, " L'.,=h-"_.:t ,=_/,J

Windsor Locks, Connect|cut 05096 Please 8ddress answer to

Mail Stop No. 1A-3-]__.______:

General Electric Company

Aircraft Engine Group

1000 Western Avenue

Lynn, Massachusetts 01910
/

Attentlon:/Mr. R. Hirschkron, Preliminary Design

Subject: Prop-Fan For USTEDLEC Study

I

September 23, 1975

Reference: (a) G.E. Order Number 200-4_X-14H48353

(b) HS/GE Technical Conference at G.E. on 9/4/75 ""

(c) G.E. (Hirschkron) letter to IIS (Gatzen), dated 8/19/75

(d) HS (Catzen) letter to G.E. (Hirschkron) dated 8/8/75

(e) }IS (Gatzen) letter to G.E. (Hirschkron) dated 8/29/75

(f) BS (Gatzen) letter to G.E. (lIirschkron) dated 9/2/75

Dear Bob: \

This letter delivers all of the remaining data required by the G.E. Work

Statement dated June 20, 1975 and completes the contractual obligation of Hamilton

Standard. One additional data item has been requested by G.E. and this will be

provided by IIS. It is the performance loss associated with the gearbox oil cooler.

The SOW shall be referred to on a task by task basis in the discussJon which

follows: -.

Task i - A written description of the prop-fan, gearbox, and related equipment is

enclosed as Attachment I.

Task 2 - A/ installation sketch,SK91325, is enclosed. In addition a prop-fan system

mounting concept, SK91314, is also enclosed.

Task 3 - The data required by this task was supplied in reference (e). Additional

performance data at a different cruise tip speed vas also supplied in

reference (e). The performance of an advanced dual rotation prop-fan is

supplied for selected conditions in Attachment 2.
p -7I

operating conditions is supplied[_ingle rotation reverse perfo_mnce at two

L._n curves number P-31256 and P-31257. The second performance point was _J

requested during reference (b). A revised performance breakdox._ chart is

enclosed as Attachment 3. It was previously delivered in Reference (e).

Task 4 - Weight data for basic and advanced levels of technology on a single rotation

prop-fan were supplied earlier in references (d) and (f). A rev._sed pro-

cedure for weight calculation as well as revised parametric weights have

DMsbn of 620
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Oeneral Electric C6mpany

Mr. R. Hirschkron -2- September 23, 1975

been completed. Enclosed as Attachment 4 for your use is the weight

parametric package. More specifically, the final weights for the design I

point prop-fan (s_ngle rotation, basic and advanced technology and dual [

rotation, advanced technology) are delineated in Attachment 1.

Task 5 - Prop-fan far-field noise estimates at the operating conditions defined in

reference (c) are provided in Attachment 5. For near field noise minimization,

HS has selected a prop-fan blade tip to fuselage clearance of 0.8 times i

diameter. With this clearance the cabin interior noise level near the plane

of prop-fan rotation is estimated to be 85 dB(A) at maximum cruise (case 3)._

This level can be reduced by increasing the fuselage wall treatment (See

last paragraph). 1

Task 6 - Sell price estimates for the prop-fan, gearbox, and related equipment are

provided on Figure i.

Task 7 - Maintenance man-hours and parts costs per engine flight hour are provided

on Figures 2 and 3. Prop-fan, gearbox and related equipment are covered.

Task 8 - As stated in Reference (e), the control description provided in Reference (d)

' should be considered final.

Task 9 - The estimated engine inlet face flow eonditions were provided in Reference

(d). The final contour lines for the prop-fan nacelle are shown on SK91325.

This supersedes that provide_ in Reference (d).

In addition to the above data, the following are provided:

II

2.

3.

Increase in aircraft gross weight due to more fuselage acoustic treatment is

estimated to be 0.25% to achieve 77 dB(A) iuterior cabin _loise level.

List of installation items in nacelle requested in Reference (b) is provided

in Attachment 4.

Prop-fan control functional logic diagram, Figure 4.

Very truly yours,

HAMILTON STANDARD DIVISION

..... United Technologies Corporation

BS/cal " "- B__

( . Preliminary Design

cc: Mr. R. Thomas, G.E. ( no attachments)
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ATTACI_,,IENT 1

.8 }In PROP-FAN DESC['IPTION

f ) Configuration

The Prop-Fan nacelle arrangement shown in SK 91325 i_ one of several potential

concepts for Instal]atlon on a 0.8 Moch aircraft. These concepts include over-the-

, wlng _nd under-the-wing engines, inline gearbox and engine, offset gearbox and

engine, and several Prop-Fan locations with re§peer to the wing.

The drawing depicts an under-the-wing engine with an offset gearbox. This

was selected for further study based on several features: The under-the-wing lo-

cation of the engine allows easier access to the engine and engine accessories

for normal inspection and maintenance. In addition, an offset gearbox arrange-

ment is sho_ rather than an inline since it allows an inlet which provides a

higher pressure ratio at the engine compressor face and it allows easy access for

the pitch control input ....

The nacelle do_mtilt angle and the distance between the rotor plane and w_ng

quarter chord are shown so as to minimize IP excitatiop factor due to the wing

wash and steady aeroelastic effects while maintaining whirl flutter stability.

The nacelle and spinner shapes were selected to provide more nearly optimized in-

stalled prop-fan performance, l_ith the nacelle frontal area dictated by aero-

dynamlc requirements, wide latitude is available in gearbox and engine installation

arrangement.

Point Design_

The weights given below describe a Prop-Fan consisting of an eight bladed

rotor assembly and a gearbox assembly and the lubrication/cooling system. The rotor

_ssemb!y consists of the Prop-Fan blades, spinner, disk, and pitch control system.

The weights were calculated on the basis of SHP/D _ = 67.07 and TS = 737 ft/see.

I
I

Weight For Equal Thrust Prop-Fans

@ .8_, 35,000 feet

(

16' alia. rotor (basic)

15.5' dia. rotor (adv.

eounterrotating)

Cearbox wt.

Oil, tankage, and

heat exchanger

Total

o,!

"Basic" Wt. "Advanced" Wt. "Advanced" Wt.

For For For

Basic Perf. Basic Perf. Adv. Perf.

1888 .__......

1449

1685

1363

108

41

im

1651-"k .'-:'F--.

i
• t

d_a©-
65

35

3445

622 ;.
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The "basic" wei.ghts represent a level of technology _.:hich i._ expected to be

available for commercial service in the mid 1980's based on currently expected

R&D funding. An "advanced" level of technology would offer further improvements

in weight and performance v,._ch could be available in the. same time period if

additional R&D funding is c.pplied. ColLm_n t_:o shows the estimated weight of

the basic configuration utilizing advanced material and manufacturing technology.

Additionally, the advanced level of technoloF_y could also allow development of

a ¢ounterrotating configuration _:hich results in an aerodynamic efficiency in-

crease. The improved performance allows the Prop-Fan diameter to be reduced

from 16 to 15.5 feet at constant S}IP/I)2, tip s_eed, and installed thrust at 0.8

Mach number and 35,000 feet altitude. The weight of this configuration utilizing

advanced technology for both aerodynamic and mechanical improvements is shown in
column three•

Blades and Spinner - ..

The "basic" blades consist of a hollow high strength steel structural member

or spar, an external carbon epoxy hybrid shell shaped to the correct airfoil

contour, aluminum honeycomb fill between shell and spar, and a titanium leading

edge erosion sheath. The spinner is a fiberglass composite structure. Advanced

technology would lead to development of a hollow titanium spar with an attendant

weight reduction.

Disk

The "basic" disk assenbly consists of the disk, blade retention balls and

integral races, clamps and pitch change trunnions. The steel disk is integral

with the fan tailshaft which transfers Prop-Fan loads to the gearcase and mounts.

Studies between titanium disks and steel disks with integral retention have sho_n

•little differences in weight based on present day fracture mechanic allowables.

With advance in the state-of-the-art of fracture mechanics titanium weight saving
in the disk and tailshaft is envisioned.

Pitch Change System

The"basic"welghts are based on a mechanical pitch change actuator utilizing a

h_rmonic drive, although other concepts including hydraulic pistons and vane

motors would be considered before arriving at a final concept. Theharmonic drive

concept is presently being developed for the QCSEE program and has the advantages

of high reliability, light weight, reasonable production cost and good maintain-

ability. The system features an in-place blade angle lock and a redundant remote

blade angle control. Advanced development of the harmonic drive and improved manu-

facturing technique would show weight saving.

Reduction Gearing

%

The reduction gearing is sized for infinite life based on maximum engine torque

with maximum allowable stresses consistent with today's state-of-the-art gearboxes.

_e weight is based on the use of a titanium welded housing, vacuum melt _ME 6265

steel for gears and Vimvar double vacuum melt H50 for bearings. The gearing system

module has a calculated }_BF of approximately 40,000 hours. For advanced technology,

improvements in gear and bearing geometry and materials are envisioned.
.°

Cooling and Lubrication

Gearbox cooling is accomplished by use of a separate heat exchanger. An overall

gearbox efficiency of 99% is obtained by the use of proper oil management, baffling

and scavenging techniques. A centrifugal air oil separator is used to minimize oil

623
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tankage weight. Advsneed technology _:eight saving would be based on the develop-

ment of higl_ temperature (450°F) gearboxes and lubricantS. [

l• Accessories

Weight for accessory drives such as aircraft hydraulics and electrical po_er

were not included in the gearbox weight. "It is felt that powering the accessory

drives from the Prop-Fan gearbox would increash these gearbox weights but would

maximize overall engine cycle efficiency and would simplify the engine accessory

gearbox and may simplify accessory cooling.

Installation "

°

_ile not contractually a responsibility of HS, a study was made to evaluate

overall nacelle installed weight. For purposes of this study the gearbox and engine

are considered to be rigidly coupled to maintain a minimum misaiignment angle for

the engine output shaft. Another possible advantage for rigid coupling of engine

and gearbox is the use of helieai gears to balance_engine turblne and propeller thrust

loads. One way of achieving rigid coupling is to utilize the engine inlet in the

structural loop. To minimize engine case deflection, it Is assumed the entire gear-

box/engine structure is mounted to the wing by the primary isolation mounts at the

gearbox and only a steady rest at the aft end of the engine. The nacelle buildup

weight includes all the structure and fairings that couple the Prop-Fan and engine

to the wing, engine Jniet, engine shaft, exhaust, fire control systems, gearbox

cooling system, starting and fuel system, • aircraft hydraulics, electrical power,

and pneumatic systems and finally the Prop-Fan control and engine linkage.

The total uninstalled weight was obtained by adding the Prop-Fan/gearbox weight

to an engine weight of 6 SHP/Ib. (including the engine accessory gearbox). A ratio

of total installed weight to uninsta!led weight of 1.3 has been established for a

Prop-Fan based on the above study.
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ATTAC[PtENT 3

PERFO._St_,vCE B",FA_/>3'.;N FOR AERO DESIGN POINT

CONDITION: Max. Cl_mb (Case 2)

0,8 Mach Number at 35,000 Ft., ISA + 18°F

9296.5 SHP To Gearbox

594.3 Lb. of Net Core Thrust

8488.9 Turbine Output RP_ ' •

PROP FAN: 8 Blade/16 Ft. Diam./200 AF/0.12 Cli
800 Ft./See, .Tip Speed.

• /

PERFOP_t_NCE BREAKDONN :

Ideal Propu]slve Efficiency

Swirl Loss For Infinite Blades

Ideal Propeller Efficiency for c_D Blades

Blade Tip Loss For 8 Blades

Ideal Propeller Efficiency for 8 Blades

Profile & Compressibility Loss

Net Efficiency (Uninstalled)

0.973
0.06_
b.9o9
0.043
0.866
0.069
0.797

._ ".

b
i

628



PRELIMINARY

PROP-FAN PROPULSION SYST_ _._IC,HT ESTI_.I%TES

l

(

The weight information provided herein supersedes the weight information con-

talned in the Hamilton Standard document SPO5A75 entitled "Generalized Prop-

Fan Performance and Weight", dated April 18, 1975.

The attached curves provide weight estimates for a Prop-Fan (h_gh speed turbo-

.prop and gearbox system) designed for 0.8 Mach No. cruise commercial aircraft.

The curves are not appropriate for lower speed aircraft. The performance

for the Prop-Fan is contained in SPOSA75. Both the weights and performance

represent a "Basic" level of technology which is expected to be available

for commercial service in the mid 1980'S based on currently expected R&D

funding. An"Advanced" level of technology would offer further improvements

in weight and would be available in the same time period if additional R&D

funding is applied. It is estimated that"Advanced" technology would reduce

the rotor and gearbox weights 11% and 6% respectively for the same con-

figuration Prop-Fan.

The power loading (SHP/D 2) term used on the rotor weight curves refers to

the maximum power (SHP delivered to the rotor)and the rotor diameter (D in

feet). The term T.S. refers to the rotor tip speed (TS in fps). The TS

that should be used for rotor weights is that at which the maximum SHP

occurs. Gearbox weights are simply based on the maximum torque it delivers.

The curves provide unlnstalled rotor and gearbox weight estimates and the

major components included are defined on the curves. An assessment has

been made of the additional components and weight required for a fully in-

stalled Prop-Fan propulsion nacelle package. The additional components in-

eluded:

• •

• "Electrical system

• Fuel system

. Pneumatic system

. Engine and prop-fan control iinkage

• Nacelle cowling and fairings

• Nacelle structure for attachment to wing

• Engine-to-gearbox coupling structure and shaft

. Engine/gearbox mounting to nacelle structure

• Engine air inlet ducting

Engine exhaust system

Fire control system

Gearbox cooling and oil tankage system

Engine starting system

Hydraulic system and hydraulic fluid ,

It is estimated that the fully installed Prop-Fan propulsion nacelle package

(Prop-Fan rotor and gearbox, turboshaft engine and above l_sted additional

components) would weigh 1.3 times the sum of the rotor, gearbox and engine

weight. This factor is based on a turboshaft engine weight of 0.167 ibs.
per SHP. 629
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5.4.2 LP Turbine Aerodynamic Definition

I) Attached computer output #i shows aero design.

2) Table I presents the blade number calculation

as per calculation shown.

3) Computer output #2 presents cooling flow analysis.

4) Table II presents the efficiency build-up.
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L 'TTO
pTr) ,

STA IPR "IOZZEE EXIT
131AP!E'fER 19.2 00
AtP4ULUS AP,=-A
FF (FLO_, r FU:,'CTIOh')

STA

(
/

*'q_w" •

STA

{f

al

PSI
PTS 1
TSi
ALPHA
Vl
':',1
CZl

.CUI
Zlli
FNA

•FNT
NOZZLE

STAGE 2"
P I TCH

i'tO= 35.00
22.350
214,15

' 1996..
29.74

' 0.374
i"O= 35. Oq

22.800
"" 257.36

• 15.P. 
' I. o4,'_7

1709.9
69.53

, 2023.7
I .029

1896.8
o.e45

.. 695.0
&'_2.4

AXIAl, ,: mr_*"::--., ,,,,.- 218._.3

19.209

29.33
Ib43, I
60._7

1359.9

0..91
-711.2

19. I00

• f

13.27
2.1447

,.

63.71
124.38
0.100
957.7

1539.3
0.790
707.5 "

%
|

672.4
44.41

0.353
-I. 493

' 90.2
522.2

Fr' _Cr.-:.= 13_8.3
_, I .741

0 • 330

I dUCKET I .','LET
I) IAVETER
A R!,IULUS AP,EA
PTd
Tl"d
BET I
RI
?4R I
;II

,r,V -.y2 E_U,., .ET :, IT
D IA:'L:TIr_?
A_v,IULUS _".... A_c. a,
PT2
PS2
PTS2
"lT2
TF
TS2
BEY2

DLb'A
RX
V2
P,2
}rr,,R2

•}12
CZ2
CU2
SI/RL

ZIB
FtL_,
FL'T
' .... t " AI::}U_:'._T A,,.I
P5 !
*,11'40

52.59
I8.30

1.4251
1783. I

,54.15
1744.2
0.67O
704.1

1597.3

0.9"54

607.3

704 .2
TAt'G FOP.CE=

;IO= 35, O0

22.950
270.37
21.74

1858,3
47.aS ,
993.2
O. 494

850. I
_'iG= 35. On ,

23.5:%')
" 324..34

16.21
14.24

2.08-25
i751.3
O. 950

I 4,537.4,,
64,31

112.19
0.340
873.9

! :_7<. ....
0. B05
870.5

- g 1.3
544.6

3i _.7 >
0.349
! .'197

315.5
5sl.4
T';,;%. i:,q,!:tCE=
I. I ,'__4.
0.400

WO,_T<=-: #9.97
G:-T!_.AL

ETATT=O. 905
STAGF: !_EStJLTS

•E',t'ATS_ a. 757

25.400
. .

i

26._400
I

20.39
I . '15 .;96

1828.5
62. B9

1549.5

0.762

1379.5
I .088
528.9
73,4.4

2542.4

P6.7 O0

22.70
IB76.2

29.33
764.4

0 •375

989.0

27.9O0

14.45
2.0575

I

1,/',93.7
65 .z7
94. ;;5
0.4_J7
622;7

1642. !
0.629

1033.5

440.4
34.03
O. 34_,
0.950
543.4
621.7

255.</. 1

O. g57
0.470

I

I

. .

II

• , 2,

t

, t

iP

!

J

. 7-".



.'[-t_ nr I.._U I , l....r ,L--L.,°T_,I
I

/ , . P.9.0T
TA 9 , I:f,ZZI.E "ItiLF_-T

D Itl:q-T_P 19.1 O0

.: .A!i:IULU5 AREA

,/ PTO.
;.g3 . .

I

STA IPR NOZZLE EXIT
b IA".ETE [+ 1-3.800
A t:NUI.U'._A :_L.:A

FF (FLO;: F,J!,'CTIq._I)
+

STA

r-

STA

%

PSl
PTS I
TSI
AI.PHA

Vl

CZ I
CUI
Z IH
FNA
FHT

;,InzzI_E

-3.16

I.9964

" 1496.8
67.8"3

'1919.6
I.043

1778.6

0.977

358.3

402.3
_.VIAL FqP,CF= 1504.2

1 bUC YE'T !,.';LET
DIA'!ETER
ANh_ULUS A!:EA
PTd
.TT_ .
BETI
R I
_l[R I

2 bUCKET E, VIT
D I A'ET--:P.
A r_.IULUS A_EA
PT2
PS2
PT5 2
TT2
TF
TS2
BET2
DLBA
R×

V2

RP
_4R2
I,;2

CZ2
CU2
SdRL
HF
ZI_i
t:!_A
F [') If

!_U::T<ET AX!&!.
PSI
I_/VD,

18.700

i1.21
1407.9
58.29

1257.d
0.49P
4-92.7

18. 400

' 6.90
2,34_3

1433,2
60.32
IIB.62 "

0.150

1020. ?
1554.9

O.t4O

, 491.4

6A9.3
41 ,CO
O.424
1.654

63.7
309 O

F3_C;= 1535.5
I .723
0.326

STAGE 3

PITCq
;IO= 35 "n

23.70C)
t

342.50
1751.3

16.21
t"

0.41_
VG= 35.00

24. OOO
392.07
90.36
I'0.3:'3

I.5_15

I 574.5
42.53
1569.4

O, 82;3
722.3
1393.4

1.15--3
,289.3

438.5
TA:"G FORCE=

;",O= 35. O0
24.150
413,49
I1.9,"3

i,",30.9
35.91
B35.7

O. 44'3,
594.6

i,lO= 35. Oq
24.700

4?,3.36

8.48
7.1.0

2.255,4
1517.7
O. 96'3

1447.5

61.42
97.34
O. 448
917.3

•I ,409.6
0'.6.:_,")

I .914,9
769,9
498.6
32.93
O. 4 ?'4
1.172

243.7

358.2
"FA'-;,.3 FFZ2CF=
O. 994

O. 430 ,

TIP

"28.300

29.2OO

11.49
1.3,5,6_
1619.7

57.74
1354.0

0.,705

! 145.2
I • 2:9,8
231. i
459. B

2280.3

29. ,400

I2.91
!'_59.3

'2. 82
677.4
0.352

1096.4

31. OnO

7.32
2.2149

1454. I
63.52

"66.34

0.597

866.4

1728.7
0.948

I14_-.3

397.2
27.29
0.423
0.818
423. I

386.8
9256.9

0 .e_46
0.533

.I

a'

'.7-

I

1

'% 1

i ff![:'r= 44.9!)
GEt,ERA I.

r-.- ....ui A ] i =0. 904

l

STAGE i'E:3ULTS
ET,Vi'S = n. 73,;
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•"sI;,

N
f

STA

STA

(

STA

qOOT
O ITIZZLE ! :,,L,,T
O I _" ET;_-:!? 18. 200
A.,'I'IULUS AREA
TT,}
P'i-O
:,TO
I P.-'_ "_,IJZZ.LE EXIT "
D I A'.!UfE _ I-! • 700
A NIIUI_liS AR-A

) ¢ ,[FF (rE]:, FU'.!CTI'}Y)

PSI 4.91

PTS I " " I• 7259
TSI 139..3.3
ALPI:A 62.39
VI 1695.3

!11 0.919
CZI

CUI
Z IN
F.NA

FNT

_,,n77,t':,:,,.._,..: A/I._L F"]F?CF-=
l t : ll,.._ :,, ,.,.i" ,,, |--ut,_._. ::. I :'_LuT
DIA'_L:'fffP "" 17.6,rx3
AI,?,IUI.US. AREA

PTfl , .. 6.26
TTt; 14 l1 .,:J
BET I 47. ,44

P, I 1058.2
?,:.r_I 0,605
iil " . 651.9

""lV_:P,"r.. :,u,, ,_:_ EXIT

D I A:'F.Td F 14.7 0.9
ANNULUS A.¢=A''"
PT2
PS2 4.41
PTS2 ' I • _4 ! d
"Ff2 ,
TF
TS2 131 !.0
BET2 . 43.72
DLBA 91. I'5
RX - 0.10'3

V2 852.5

R2 I 153.4
MR2 0. 665
iq2 616.6
CZ2

CU2
S ,.fi_I.
klF
Z IB
FF.A
FBT
t_U_,_ ;_ T
PSI
II/V f3

1423.3
I. 195
131.2
218.3

y;n._ v .-: 40. O)

P ! TCH'"
fiG= 35. O0

24. 703
50"1.33
1517.7

8.43
0.4_4

wo= 25. co
25. OOO
573.34
140.75

6.14
I .381
1402.4
53.54

1252.5
0.69_J
744..3

• I007.7
1.413

89.0
239. f_
TAITG FO:_CE=

;;O= 35.00
25. 103
591.40

_.90
I 444. I

5.9C)

719.5
0.409
929.$

frO= 35.
24.£59
634.24

-5,39
4,'52

1,8347
1370,5

0.960
1_i2._
,51.30

57.2F)
0.46<5

842.2
1 333.3

0.763
920.5
833._

i20.0
LSfl 9 .

02480 • ''_'_'
I.057
I07. I

157.0

178.6
12.o9
O. 4_0
2.137

7.2
137.6

AYIAI. F,ORCh'= 872.7 TAr!G FORCE=
I .241 0,535
0,371 0.540

OEFERAL STAGE RESULTS

ETATf=O. 599 ETATS=O..4,'_ 13
645

TIP

31 ._00

32.300

6.49
I.2670
1432.3

46.33
1077.9

0.594

760.0

I.491

58.6

249.8
1750.9

32.600

7.7_

14_-i.7'

-31.26
837.4
0.461

1207.6

33.0 eo
l

4.43
I. 8322

1312.7
57.5_
26.31

:0.610
838.5

1555. I
0.895

1222.4

90.4

6.19
0.480
0.556
199.0
166.3

1279.6
O, 339

0.709

,3" 72
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/

OVERALt. "I'U_'BI_qE

t

RESULTS

IIPT;-,,IT= 9. In2"iTI_IITTEXIT= 1.6<0 PTI ) v_v

C 4"hORK= 2 o.03 ETATI-=O.919 ' ETATS=O 874

K_.

Droqr#m _top or 3£53
*LIST .,

I TURi3r]p'2CP [ PT i..:LPT=b490 ,

5 0,. ,,')235,53.3,4,222:3',49. 1
!0 100,35, _490,3,0,0

20 65,.96,.I ,.97,.95,1,l ,90,90, I ,
30 T_;.7,92,2,19.4,23.7,]9.4,24,10.3,25°I

40 2, O, 35, ,;_,<;90,0,n, 0

50 70,.94,.1 ,.97..95,1,1,90,90, I

60 IO.3,2_J..4,19.2,26.Z,19.2,26.7,19. l,27.9
70 3, O, 35, _490,0,, O,r)

o,_ I_: .97, 9-5 I,I 90 90 180 65, • . ,• , • , , , ,

90 "1"9.1,::?._, 3,1c_ d.2P.2,,l:; 7,-. .,. _. ' _ _. 20 _,18.4 31
.. ;_4':"9- _, O q100 4,n,35,_ ... ,..

I10 ;_0,.96,. I,.07, .95, i, I,99,9C, I

120 13.2,31.2,17.7,32.3,17.4,32.5,16.7,33
l

r e _dy

PTI,_I/PSEYlT =10. 421
PSI= 0.977 "

I

L

° ."

#

d

',v,

m

/
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• C .I .> ........

_ C,"T_,B;b-- 0,_ s_fl,-, /_Jc/._ :-,('_2.) / / / t/

. _. ,_e7 I t t,I ....1
O./r" -Fi'l I

( "-z_ prq_ z,,&,,.,f,_,,.:.;_-,_--_,..:._!_..i,.,d,_>.o_ PI_& !

,_,,,,_-,_..--_',0 ,)11
r_P ?c _.k _ "* "

&,"_o'6 . F o_'_,,'_v4" ......................

NT-S -

t,'X - W

B1

...... R_Z

14

(" _ ¢ I'_C.
i.

- Pf_ MO

.... \IIs<.

ret-'.

R_£ I"

\/,/ &.

I

"'T..,,_I o_,.'-,_,,,U (d::;r<,a)

_":f" b'"" \t, P.U

Dr4,,&l., ,, N,,>.,. /(8_"!_°;'-)i.,_, ....
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('

_1.). J;:...':" > L.,:'tJl ,, _.JUi.:"_,.'l J_: i_L:k.,; l; s
: !

Ei;,.z_ ?.!.,'_!'i:: or I,;PUT _ILt-.
= 71,<

• D,..v.YCd iik_Cf CU;I",_UT HIP. ALL E CASES?

= YES
":,,Tzo ST.'.." 1 "":,,i:3 "r'-'" "O -°"

: ,'3

i ..... , '" ;4/_. 2-.,_-., T3,F/A RAY!n,Y4,,,-+,P;;1,PDFI,rjTAi_D," '
- """ r')25 23'.'..,.') '59 25, • 1 150, 99lk..__ _9._ 'I • • , ,p • ,t •

IS Cr,,]L_. rf l_?..P T,q BE TH_ SA.'IE F3R AI.L BLADE IIO_;S ?
t

= YES " :

! -)_7 "
I5 CEGLI:':C. TFC[{iI:!LOGY iF] BE THE SA:._E FC.R ALL _LADES ?
= _;9
SrAGE ! [,OZZ[._: "

EI ITEP...,!r]. OF AI_FCILS A:[r) AY,IAL ;'!!DTi[ " '
IF _;,-q_£ Ali_F.glLS=n, S['..L!DIiIES WILL BE SET i_IT:-{

Zt.=.55 A;;9 ZB=I q
= 57,.S5 ,
r;, **"r_r)

= 2269,0
EIH'i.ZI4 PEA}( (;AS Tq'P, !FO .u°..q,qP_.",,,_..,,,.. ;iILL CALCULATb

•'.-.I,ITE[_L_VEL DF C_,'2..LI'IGTEC:-H_I_CJGY DESIdEO

CD..'_STA_'.T C=,9.05F',7 'c!A/,,CP=O.C2 14

;,= 57 ZI PTCIt =1.142 'DP=21.55 HT-S= 2.15 l-[T-P= 1.25

K= 0. ".5 F'I= I O. 32= f,2.4 !',=.050 CPC=.2555
vl:C=O. ",922 2C= 9.313E-h4

, 5= 0.,!-,_ 2,':+06 !_E P= 0.275r'+oe_ " ;
FO= 59.0 •

CD.qLI _O T-iCi{:!gI.O,_Y [3

,,Cu, /,_,.,,u- }9.762 ' "O * "''"'--

, r Di'e._-CU:_::::,l FIL"

i

/. V,'3 C;..kS P"' ".._;,.-. C;:\S t3UL.'" C.q'2Lt',IH"
TE?_;' a 2E!IP P. TE?;P L) T[-:!P R

,,% ,_231 _' 2 ,:o.)5.3 226C 0 1_)7 e,IJ • • . .. • .

I C_] ]LI!;o
EFI:ECT TV:.-]; I-SS

O. 277

S]AG_ 1 _>U..,:.,t: J.

F VT::7-P. '.'.h OF AI[IFOILS 't'P, '..... :.,.,., AXI..-.,L ;ilDTH

= 104, .96 :\
/NTEP. T.] "'i,'C _* ! '

= 2280,0
Et','TEL > PF.A:< GAS T'"P:.., , IF ,") PROOF.A'.I ;tILL cALCUI,ATE
= 0
ENTER LEVEl_ dF C_OI,"I'IG TECH;IOLOGY DESIRED
"-" C-;-

L"

r

' !L

t

(

!

P= 2. 498.

AG=" 242.07

COOL IiiO i:[.r3,1

0.8o5

:

, 1"_5"1,,.,' ....l C-'-:O. 05,', 7 ?I._./;;CP::O. n.'16,q.,

l_x"_:=lO,l ZI PTC[} =0.856 .r)P=22.20 lIT-S= 2.90 lIT-P= 9.30 P= 2.530

A'[ I_= 0. o6 _1 = ,:._ 2 []2 = 63 3 "-.047 CPC= ")555 AG= 6_4.14
P,_ VC'I=O. 6027 Vl SC= O. _04_-0"
_(" • -14t:: p= • 651 '2=: S: 0 3 .+06 RE 0 222F+06
WG= 59.0 ORIGINAL PAGE IS

OF POOR QUA!.ITy.



,IV • ...... -i, ---+ ..... , ,.- o

- ,j_2 ,,0 Z,+Lt: i
• '* _ T -- "7 '°

........ :J_ k
•" _=F: _0. OF AI.qFDILo AND AXIAL :/IDT!.i

' ' /,_';I, 1.23 '
( /''fiE'\1 -r- p e. ,I

'' ._ ++'_ + T+ '''+'C r "

,;:z-- -_= 2260,0 -, ,-, " " : D _,
/,( _IITER PEA!,'. uAS T::I_P, IF 0 P2CO,,A_: ;;ILL CALCULATE
"'_'-k.._f 0

EHTEF; UiVEL OF CDCLIHG TEC}{:-IP,[.DGY DE._IRED ..

"_ _ ...
L

CONST,_I_T C=0.0567 ttA/;;CP_-0. 05 34

_+ •.,

ll= 91
AX ii_= i.23

PR N0=0._931 vISC= 0.297E-04

RE S= 0.451E+Ob RE, P= 0.195E+04

ZI PT'CH,=O._31 DP=22.80 _tT-S= 3._0 VT-P= 3.05 P= 3.397
BI= 37.0 B2= 66.1 _<=.045 CP0=.2555 AO= 1027.94

'IG= 5o. 0

cooL Ii_O TEC;{'!gI.OGY

2V;CCp/AOIIG= 0.18 ,

AVi,_ IOAS" PEAK GAS
TE_,!P R IE;!P R
2065.5 " 2353.2

!

COOLI[_O
EFFECTIVEHESS

0.083

B -CUR[_ E.LrT FIU.I "

L

BULV C09I,A)IT
"EE:+P R TE:.;P R
2260.0 12.'27.0

t

- °.

, o

CDQLIHG FL!"); i
.3/T,f_ f"_

0.467

STAGE 2 BUCr<E't"

%, . iE?,ITEI'., :-_.Q. OE AIRFOILS .AHO AXIAL ;;IDTH " -"

"= ,51 , ! .:?,57 . '.
/4

,_jk..d_:I:TER TB, ?:;;C -.
= 222.0,0 .
EIJTE;-: "' ..... '; ....P=,.J. GAS TEt':P, IF 0 PRqGt_AY hILL CALu,.,Lnlr:
- 0

,_,,TER LEVEL --.'IF",...J_,LI.luT:=.CH:+OLnGY DESI .... D
= C+

, /

CO.,SI"_,,_ C=0.0547 HAf,:C?=O.O503

t,'= _1 ZI PTCH =O.SOZ :qP=?3. r-'' S= "_,, HT L 4.40 t{T-P= 3.75
AX i;= 1.3d, BI= 47.9 B2= 54.,,_ ""-:,-.043 CP0=.2555
PR .ND=0.4{,,39 VISC= 0.233E-3,i
D:/ q-- O. q'' "- "".... -- _ 1..+,:-:-06 [.iE P= 0.20_::+0_
WG= 59.9 -

P= 3.416
AO= ilP4.18

!

5

CObkI!,td l ;:u_:.;L,_,J,,,Y

2;;CCPIAJ}tG= O.

C+ -CD:IV'-:CT!IqN PLUS

(

AVG OAS ,D_::.:Y,_,,.-.GAS [-:ULK

TE;.IP :4 l[t_P R TT_:.!!P R
1925.3 2129.1 3230.0

CDr]LA?IT COqLI!; P, ,
,-""r--.... .--, ;.:-)' + CTr.ffP P, _rrEuTI V:,,E,_S

i __27.0 O.

" 652 '
I

o

C'3,ql_ I' ",,[,..: }:LO:;
:•1 ' 4.... 2C
O.

z

I

• + ,

CRIGINAL PAGE IS
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_'" _-_6,0"/?]" C3F ,',IRFUILS A!_D AXIAL I;IF)I< , t

._.4,9 . " "

--,_-,, 9_.,_,, G,,S l::...P, IF 0 PRRGI":A..! ;'ilkL CALCUL±_TE•_" 1 ".7() i_ _ Tr _, "_1''

_ _ _ L

,,qEl: U-_,--L DF CO_3LI_'G -_ "q'" "-"" _=Cr,i_I.C_Y DESIRE;3
_-'B

, j',

COI_S2_,,_ C=0.0567 dA/,CP=O. II:5

• i'_ _'_'_ "_l!= 70 ZI r._,l =0.255 OP=2a. CO HT-S= 5.20
AX I;= 4.90 _i= 3,3.7 52= 62.6 K=.040
P[,_ t:D=O.69Z.7 VISC= 0.272E-04
RE S= O, 110_-:-07 RE P= 0.531E+06
L;G= 59.0

CCf]L I _IO T':C_V[iLrlGY

2WCCP/AGHG= O. ..

AVG GAS '-'"P r__,l,3AS BULL"
"['i'i_.!p R TEV? R TE'_P R

I 61 a.4 20;b.5 2260.0

i

r_v. ,--,- _¢-CUR_.:[, l F!L:,,

¢

C,q,3,I.A_IT
"ll-r.!p R

1227. O

(t

6oHT-
CPC=.2555

(

._ ¢

s

%' I

P=13. 159
AG= 4513.47

(

,

i

COULII_G
E FFECTIVEi;ESS

O.

9

STAGE 3 BUC, EF

EL_TE_'X' 1;9..Oi _ AlP,FOILS A:;D AXIAL I';IDTH.

55,5.37" , *
.ilc-, _, tJ_._,k. . •

21(;5,9 . ' "
C..'lL_b L-¢TE"_.::!Tt-_4 P_:A,, G,:,5 TE:"P, IF 9 PRnO_t-.!_ :/ILL " ""

EV,T;AR LEVEL [IF C_OLI_O TffC'-I:,,'OL[1Gv DES![_ED
t

= C+
% •

CO,.._TA:,i C=C . . r,A/,,_P-,_.COB9

i

L = b5 ZI PTC;! =C.2,:2 nP=24.70 }!T-S= 4.30
/,X ;--- 5._.7 _,1= 35.9 52 = 61.4 ?'=.933 CPC=.2555
P;,' ._![;=9. :3957 VISC= .'). 25:2E-_,4 ¢
_E. S= ,J."I(22:01 :"E,, p= n_. 502":.'-:'05
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5.4.3 Installation Aerodynamics

Attached is an estimate of the turboprop installation

drag along with a discussion of wing scrubbing drag.
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GENERAL ELECTRIC
EVENDALE PLANT

CINCINNATI, OHIO 45215 //_• SUBJECT

USTEDI,EC TURBOPROP ,% PROP-FAN

INSTALLATION LOSSES

MAiL DROP EIo8

COMM e"33Z_4025

COPIES:

S Drabek

J Kutney

R Neitzel

November 17, 1975

R. Hlrschkron _

Preliminary Design

Calculated nacelle system losses areattached for USTEDLEC turboprop and

shrouded propellor installations. With this transmittal, our planned

aerodynamic technical effort on Task I studies is complete. However, we

will continue to support your efforts in preparation for the Task I final

review at NASA in December.

R. C. Ammer, Hanager

QCSEE Propulsion Systems
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PERFOI_NCE SU_RY

USTEDLEC TASK I TURBOPROP

UNDER-WING INSTALlaTIONS

M = 0.8, 35K _X CLIMB
o

FN = 5357 LBS

B

Io

II.

INTEIhNAL PRESSURE LOSSES

CORE DUCT FRICTION

EXTERNAL DRAG

NACELLE PRESSURE DRAG

NACELLE FRICTION DRAG

PROP FLOW %_ING SCRUBBING DRAG

INCREMENT (RELATIVE TO FREESTREAM)

CORE. FLOW WING SCRUBBING

DRAG INCREMENT (RELATIVE TO FREESTREAM_

0.98

LBS % FN

111.3 2.o8

' 2O6.7 3.86

28.0 (OUTBRD)* 0.523

3&.O (INBRD)* 0.635

2.8 (OUTBRD) O.O52
3.4 (INBRD) O.O63

/

* OUTBOARD NACELLE WING CHORD IS 173.5 INCHES

INBOARD NACELLE WING CHORD IS 208 INCHES

I !

OT-Ib

zz .5
_g_ J.,,(.,

t!
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• USTEDLEC Turbo-Prop Study

• Scale: 1 in, = 1 ft

• Reduced Offset Between Engine _ and Gearbox
per 10/7/75 Preliminary Drawing from B. Riley

• Outboard Nacelle Wing Chord = 173.5 in.

• 16 ft Prop Diameter

I
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I I I I I I I | I I I l i =
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(
5.4.4

r

?

Turboprop Mechanical Design

The turboprop, counter-rotating turboprop and the

shrouded fan use the same basic engine (from the mechanical

design standpoint). The engine cross-section is shown in

Figure 5.4.4-i.
• Task III

The STEDLECAcore is used for this engine as it is for

all of the'other USTEDLEC engines.

The booster is a straightforward 3 stages without IGV.

The first and second stage vanes are variable and the

last stage is fixed. Rotor speed is sufficiently low with

a Uri m of only 900 fps that a rolled ring titanium drum

with shallow discs can be used to save costs. Tangential

dovetails are used to attach titanium blades.

The booster stator is conventional titanium with split

casing. The general arrangement is directed at modular

maintenance so that the stator and rotor can be easily

removed by unbolting one casing flange and one rotor flange.

The forward sump and shaft has two LP shaft bearings;

thrust and radial. In addition the shaft assembly includes

a fully-flooded lubricated flexible spline to drive the

quill shaft to the propeller gear box. The spline is large

diameter and short to give reliable, long life performance.

The arrangement assumes the engine will lubricate the aft

spline of the quill shaft and the propeller reduction gear

system will lubricate the forward end.

The intermediate frame connects booster to compressor;

supports the PTO, booster and compressor rotors and the

accessory gear box; and will serve as the forward engine
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mount. To assure a reliable, cost effective frame the

construction is welded and brazed steel. There is not a

weight or cost advantage for aluminum or composite because

of the relatively small diameter of the frame compared to

a full fan frame. Cast aluminum would have a lower first

cost but cost of ownership would be higher.

The four stage LPT operates at relatively low speed

compared to the other geared fans (Upitc h is 920 fps vs.

1000-1070 fps) but has a considerable larger exit area. The
G

latter increases weight and cost. Only the first stage

rotor is cooled and the first and second stage vanes are

cooled. Rotor cooling air is extracted externally from

the compressor and conducted through the first stage vanes

to a rim entry diffusor which supplies cooling air to the

first stage rotor blades. Second stagevane cooling comes

directly through casing passages to the vane tip. This air is

also used to block the second stage vane seal.

The rotor has a separate first stage disc because it

has cooled blades and is a bit different in construction

and build-up from the last three stages. The last three

stage disks are a welded assembly for lower cost weight

and better reliability/life.

The blades are cast with tip shrouds. First stage

blades are Ni76XB, the Second stage if R125 and the last

2 stages are R80.

The LPT stator has a split casing since the rotor is

a welded assembly and it also offers many advantages for

maintenance and inspection.

966



(

The LPT can be removed as module for easy

maintenance.

9
The _urbine Frame is a welded IN718 assembly similar

to the USTEDLEC fans. The annulus area is larger because

of the high turbine work extraction of the turboprop.

There are no OGV required in the frame because of the low

0.92 loading, which helps reduce weight and cost.

The rear sump and bearings are also comparable to the

other USTEDLEC engines. No carbon oil seals are used in

order to reduce maintenance costs.

Two tables of data are available to provide an overall

view of all USTEDLEC engines. Table 4.10.1 gives most

of the key parameters that define the requirements of the

mechanical design. Table 4.10.2 provides a weight breakdown

by component of the turboprop and the other USTEDLEC engines.

The Task III STEDLEC weights are also shown.

(
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5.5 Propeller Systems Studied

The three following propeller systems were evaluated:

i) Basic propeller aerodynamics with basic technology

weights. Single rotation.

2) Basic propeller aerodynamics with advanced

technology weights. Single rotation.

3) Counter-rotating propeller with advanced

technology weights.

All systems studied used the same core engine and

cycle.

J
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5.5.1 Engine EValuation

Attached are the calculations supporting the Task I

DOC, ROI and Wf results. The typical calculation is

described below.

I) Installed engine Weight, cost and performance are

determined in the design size i.e., W2_8/_ = 68.4.

Table 5.5.1-1 presents thethree turboprop engines

(three levels of prop/gear technology).

2) For example, consider Table 5.5.1-3, "Basic Prop

Transcon". The colLunn titled "Design Size" gives the

propulsion system characteristics in the W2C_/_ = 68.4

core size. The prop and gear weights and costs are

taken from the HSD supplied curves included in this

section.

3) The column titled "Aircraft" presents the propulsion

system characteristics used in the mission analysis.

The design size engine is then scaled to the same

Max. Climb thrustas the aircraft. The propulsion

system scale factor is the ratio of the design thrust

to mission thrust, for this case SF = .365.

The propulsion system weights and costs are scaled

to the mission values by the scale factor raised to

the exponents shown on Table 5.5.1-2. For example,

engine weight (3554)(.365) 1"25 = 1008.

The difference in propulsion system weight, cost and

SFC from the aircraft mission numbers are computed.

4)

5)

6)

670
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A__ustment of Aircraft Performance

i) The aircraft DOC, ROI and Wf are adjusted from the

mission values by use of the Aircraft Influence Coefficients.

2) The 4m_ propulsion system maintenance is made up of three

parts:

a) Engine maintenance is the initial difference in

engine price times the parts replacement factor (PI)

b) Propeller labor maintenance from HSD curve.

c) Propeller material maintenance from HSD curves.

3) The adjustments to DOC, ROI and Wf are shown on

Tables 5.5.1-3 through 5.5.1-6.

Consider the DOC adjustment for the basic technology

turboprop in the Transcon Aircraft 55% LF.

AInitial Price = -II.6K (Total Propulsion System)

ADOC/$1000 Initial Price = .011 (No effect on maintenance)

ADOC = -.12%

Ainitial Price = -8.4

ZSDOC/$1000 x PI = .013

ADOC = -.ii

ASFC = -.72%

ADOC/A % SFC = .411

A DOC = -. 3

AWt. = -i. 8

ADOC/100# = .205

ADOC = -. 37

(Engine only)

(Effect on maintenance only)

671 ORIGINAL PAGE IS

OF POORQUALITY



( AProp Labor/hr = .0006

ADOC/_ $/hr = I.i

ADOC = .0007

Prop Material = .0018

DOC/A $/F hour = .368

ADOC = .0007

SA DOC = -.9

ADOC = 1.3787 -.9% = 1.366

•_Original Mission Value

The remainder of parameters was adjusted in similar manner.

l
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5.6 Turboprop Installation

Figure 5 shows the installed turboprop with the propeller

centerline intersecting the wing chord. The nacelle top and

sides are aerodynamically defined to provide a maximum

radius of .35 times the propeller tip radius. The engine is

mounted below the propeller centerline, structurally supported by

the inlet and off-set gear box in front and by long links from

the turbine f£ame to t]ie pylon in the rear.

The pylon, not shown, projects forward from the wing

spars to the gear box. The outer sides of the pylon form a

portion of both sides of the nacelle. The cowlings, top and

bottom, are attached to the pylon. Large access doors are

included in the top cowling for servicing the top of the

engine, the gear box and aircraft accessories. Large access

doors in the bottom cowling permit servicing the bottom of

the engine and its accessories, as well as removal and

installation of the engine without removal of the propeller

and gear box.

The total cowling forward of the wing is light weight

advanced composite sandwich configuration consistent with

that planned for the baseline turbofan. The turbine exhaust

duct and fire walls are steel and the cowling around the

exhaust duct is titanium.

percent

The weight andAprice estimate for £he 16 ft. turboprop

installation with a maximum climb Fn = 5703 ibs and TO

Fn = 20,913 ibs is as follows:
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Propeller Rotor

Gear Box

Gear Box lube and cooling system

Nacelle:

Inlet and drive shaft

Outer cowl and fire wall

Exhaust pipe and centerbody

Wing protection & insulation

Pylon/EBU/Systems

Subtotal

Weight
Estimate

1888 ibs.

1449

70

128

493

107

96

1076

1900 Ibs

% Price

Estimate

6.0%

21.0

6.0

5.0

62.0

100.%
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5.7 Introduction - Shrouded Propeller

The concept of the very high bypass ratio fan (_ = 73)

is to provide a propulsion system with propulsive efficiency

approaching that of a propeller. The advantage of the high

bypass fan ("Shrouded Prop") is expected to be found in a

fan efficiency that is superior to that of the propeller.

The efficiency improvement is resul£s from the swirl recovery

in the stator behind the fan as opposed to the unrecovered

swirl in the propeller stream.

The penalties associated with the fan are the cowl

weight and drag that are not inherent to the propeller.
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W -T

L
5.7.1 Cycle Definition •

(ST EDLECMFI2)

The core engine cycleAchosen for shrouded propeller

is the same as that for the turboprop, i.e. P/Pcycle = 38

and T 4 = 2600°F. (SLS T/0)

The fan pressure ratio was chosen to be 1.08 @

35K/.8/+18 MxCI.

Attached are cycle points at 35K/.8/+18 and 0/0/+27

T/O. Due to computer program flow size limitations, it

was necessary to run at a core size W2C_ 6.154.

Written aside of the printed output ks the flow related

parameters scaled to a W2C_ = 68.4.
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Component Aero Definition5.7.2

Attached is the aerodynamic definition of the P/P = 1.08

fan.
• . • ..

•The booster and LPT aerodynamic design were assumed

to be similar to those of the turboprop defined in

sections 5.4.1 and 5.4.2.

Using the cycle point in 5.7.1 the fan D T is scaled

" "up to 228" with W2C = 68.4.
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i

USTEDLEC DUCTED PROP AERO DESIGN

A preliminary aerodynamic design of the high bypass ducted prop was completed

including axisymmetric flow calculations at the aerodynamic design point (max climb)

and the takeoff point. This fan has several unusual aerodynamic features in addition to the

variable stagger rotor blade. The specific flow at the design point is very high at 43.2

lb/sec-ft 2 and the radius ratio is very low at .23 in order to keep the tip diameter to an

absolute minimum. The low pressure ratio requirement in conjunction with a relatively

high tip speed leads to unusually low solidity requirements for both the rotor and stator.

!

The extremely large flow modulation required between design point and takeoff

conditions presents a severe off-design problem which is only partially solved by the

variable stagger rotor. If the fan were to run at its design speed at the takeoff condition,

the fan stator vanes would be subjected to very high negative incidence arJgles. By

increasing the corrected tip speed from 75Oft/see to I000 ft/sec at the takeoff point,

the average swing in stator incidence angle can be reduced from about 13 ° to about 6 ° .

Tabie I summarizes the major design parameters at the design point and the

takeoff point. Table II gives a summary of the b!ade geometries and aero parameters

at the design point.
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TABLE I -- DESIGN SUMMARY

Pressure Ratio

Corrected FIow, lb/sec

Specific Flow, Ib/sec - ft 2

Exit Mach No,

Corrected RPM

Corrected Tip Speed, ft/sec

Inlet Radius Ratio

Tip Diameter, in

Number Rotor Blades

Number Stator Vanes

Rotor Blade Closure

from design angle, deg

Climb

(Design It. )

1.080

10, 313

43.2

.71

799

750

.23

215.0

6

10

0

Take -off

1.056

4594

19.3

.25

1066

i000

30
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TABLE 2 -- PRELIMINARY BLADE GEOMETRY

AND DESIGN POINT AERO DATA

ROTOR STATOR

Hub Pitch Tip Hub Pitch Ti E

Chord, in 22.4 30.0 30.0 25.0 25.0 25.0

Aspect Ratio --- 2.6 ...... 2.9 ---

SoIidity .74 .40 .27 1.14 ,55 ,37

Max Thickness/Chord .12 .04 .01 .05 .05 .05

Stagger, deg -8 27 41 9 3 3

Camber, deg 43 6 15 33 17 20

Inlet Mach No. .67 .84 .94 .87 .72 .67

Inlet Air Angle, deg 14 33 48 24 10 10

Leaving Air AngIe, deg 10 27 39 0 0 0

Diffusion Factor .08 .27 .25 .29 .12 .31

Lift Coefficient 1.40 .79 .86 .75 .63 .95

Ducted Propeller Installation Aerodynamics

Attached is a summary of the ducted prc,p installation

drag along with a discussion of the method used in

estimating the drag.
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PERFOR_XlANCE S L'._IA Ry

USTEDLEC TASK I SHROUDED PROPELLER

UNDER-WING INSTALLATION

M = O.8, 35K _LLX CLINB
o

F N = 9160 LBS

Io INTERNAL PRESSURE LOSSES

FAN DUCT FRICTION

CORE DUCT FRICTION

 APz/Pz

o. 125
1.00

II. EXTERNAL DRAG LBS

NACELLE PRESSURE DRAG

FAN SHROUD FRICTION DRAG

CORE COWL FRICTION DRAG (FAN SCRUBBING)

FAN FLOW WING.SCRUBBING DRAG

INCEE NT (RELATIVETO FREES REAM)

CORE FLOW WING SCRUBBING DRAG

INCREMENT (RELATIVE TO FREEZe'AM)

-537-
370

197-7

55-7**

.o& -

_. 16

O.61

5-8** 0.063

I zfL 13,3%

Based on the assumption (probably optimistic) that the very large

fan shroud diameter relative to core cowl diameter makes it possible

%o treat each body independently and usin 0 a "carpet plot" method for

determining dra 9. From this assumption, a fan shroud drag of 507

ibs. was calculated with a core cowl drag value of 80 ibs. For

reference, using the standard L/D method an overall pressure drag

value of 7%6.5 Ibs. (8.15_) was _termined.

Technical Brief 72-2, Carpet Plots for I)etermination of Level I

Isolated Nacelle Afterbody Pressure and Friction Dra(_s, by D.J. Lahti

et al, _larch 1972, describes _he carpet plot method.

** Calculated for the outboard nacelle with wing chord of 278 inches.
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/
/

/
assumptions were based on Bertin Aerotrain data for a single conical

nozzle configuration.

I0.8.3.2 DYNAMIC EFFECT

The effect of forward flight on all components was accounted

i:. _.'_I.

dynamic effect. This correction term w&s indicated by theory and

supported by analysis of statieuto-flight data comparisons for va.rylng
., , . /: / , " ./ J/ I / t/

flight velocities. ,'//'C'69 _ /t'_--_',7/_ .'_/_,,_l,c ,;.'/_,./_];'f-_-:'/_1

:_'W. t.!t" :'?',J::"_4,

Io. 8.3.3 DISTANCE CORRECTION FACT.OR__:_

Decay rates as a function of distance were calculated assuming

a typical spectrum shape, depending on the type of source (i.e. - Jet,

core, turbine). The results, .indicated below, were used to extrapolate

the static 200' sideline levels to the appropriate acoustic ranges for

both takeoff and approach.

Source

Jet

Core

Turbine

Decay Rate (APNL Basis) "

R1
2h Log

25 Log _

30 Log R_/

/B 2

I0.8.3. h CERTIFICATION GROUND

The prediction techniques used to obtain the static engine

noise levels were based on data measured over a hard surface, not

typical of a ground surface used during flight noise certification

testing. To account for the difference between the two types of

surfaces, the following corrections, based on data, were applied:

APNL Correction

Source _Static-to-filt_ht)"

Jet -0.5

Core -0.5

Turbine -1.5
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Ducted Prop Installation Design

The ducted prop installation differs from the propeller

installation in that the variable pitch fan and its

reduction gear is axisymmetric with the gas turbine and a

long shroud (or very short duct) of minimum thickness (and

high risk) is supported by the engine frame structure.

See Figure 5.7.3.1. The pylon structure, not shown,

connects to the forward end of the engine in the region of

the reduction gear and forward frame. The turbine frame

is supported by links to the pylon. Like the other

installations, the nacelle is advanced composite sandwich

construction except for the titanium cowl around the steel

tailpipe. As with the turboprop design, thermal protection

for the lower side of the wing is required.

The weight and cost estimates are shown in the

following table.
%
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Ducted Prop Mechanical Design

The boosters, core and LPT for the ducted prop are the

same as the turboprop. The boostems have a slightly lower

pressure ratio than the turboprop at 2.55 vs. 2.75 but this

is accomplished by blading changes.

• The key parameter sugary (Table 4.10.1) and the

component weight tabulation (Table 4.10.2) illustrate the

weight penalty that this engine configuration has.

Figure 5.7._._ which shows the ducted prop installation

illustrates the very large prop rotor, prop and engine

forward frame and the prop duct/nacelle.

The fan rotor weight was determined by assuming the

same technology as was used in the turboprop. For

comparison:

%

Ducted Prop Turboprop

UT - fps i000 800

Number of blades 6 8

Tip radius, in. 114.3 120

Blade AR 2.6 4.0

Rotor weight, Ibs. 4334 3500

The combined effect of U T and AR result in the much

heavier rotor weight despite the lower number of blades.

The frame and forward casing are very large compared

even to the 6U engine. The advanced QCSEE composite vane/

frame technology was used to make a preliminary design.

The result was a weight considerable lighter than would have

resulted from simple scale-up of the 6U design, but is
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i

nevertheless a heavy component. The sh6er physical size

is responsible. The frame is 20 ft. in diameter and with

2 ft. chord vane/ struts! The forward prop casing is _20 ft.

diameter and 3.5 ft. long!

The reduction gear weight was obtained using the ft/s

gear technology applied to the concentric two-stage gear.

The design size weight of this engine is 14,730 ibs

compared to 4,323 ibs for STEDLEC Task III. See Table

4.10.2.
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6.0 EVALUATION PROCEDURE

(

6.1 AIRCRAFT DESIGN AND SELECTION PROCESS

6.1.1 Aircraft Design

The primary consideration in selecting the host aircraft was the total amount

of fucl burned, since the overall purpose of this study was to study ways of

reducing the fuel consumption.

A second consideration was to select compatible turboprop and turbofan

aircraft -- aircraft that would have as much as possible in common so

that the process of comparison would not involve allowances for different

capabilities.

At the same time, these aircraft were meant to be the optimum designs

within the above constraints that also met all the requirements of the

application.

Four base aircraft were needed: domestic and international turbofan and

domestic and international turboprop. The domestic aircraft had a 3000 n. mi.

range and a payload of 200 passengers at 205 Ib/passenger (41,000 Ib). The

international aircraft had a 5500 n. mi. range with a payload of 200 passengers

at Z15 Ib/passenger (43,000 Ib). Since new host turbofan airplanes had to be

designed from scratch, it was thought that this was a good time to compare

three- and four-engine airplanes, both required to do the same job.

This is the reason why a group of 7 aircraft -- 4 domestic turbofan, 1 domestic

turboprop, I International turbofan, and 1 international turboprop -- was born

and carried throughout this study. These aircraft include supercritlcal wing

technology, advanced composite structure technology, active control systems,

and, especially,, a very high technology wing flaps system which provides a

relatively short takeoff capability.

The tool used in conducting parametric studies leading to the aircraft definition

_s MASCO_T a commercial mission analysis computer program for use on

the GE635. This program calculates the weight breakdown and aerodynamics

of the aircraft, given the TOGW, wing loading, thrust loading, and the

characteristics of wing sweep, wing thickness, fuselage size, etc.

One of the facts clearly demonstrated during this study was the need to

develop and carry numbers to a level of accuracy that would normally be

consldcred cxcessivc. This is necessary in order to produce the desired

norn4al accuracy in the sensitivity factors and also to allow confident,

meaningful comparisons.

732
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A set of "System Analysis Ground Rules" was provided by NASA for a

previous study conducted by General Electric, "Study of Turbofan

Engines Designed for Low Energy Consumption. " These ground rules
covered the vehicle, the mission, and the economic procedure to be

followed. The most pertinent of these rules - the wing sweep, wing

thickness, max landing approach speed, TOBFL, takeoff wing loading

limits, and structural and aerodynamic efficiencies - were respected in

the present study for the turbofan aircraft.

There were no separate ground rules from NASA for the turboprop aircraft.
Therefore an effort was made to make these aircraft as consistent as possible

with the turbofan aircraft by using the same level technology. Design

characteristics peculiar to the turboprop aircraft used in this study are

described below.

Q The size of the horizontal tail was increased 5% and that of the

vertical tail 3% to compensate for the pitch and yaw destabilizing

movements introduced by the propeller. Therefore the weight and

drag of these components was increased by about these percentages.

1 A fixed weight of 800 lb was added to the body contents of the turboprop

for extra acoustical shielding estimated to be required in the plane

of the propellers.

. Landing Gear: While not an exception since the same rules and inputs
were used for the turboprop and turbofan, this point needs emphasis.

The landing gear type, length, and weight were considered the same
for both the TP and the TF. The evidence available indicated that

there would be no problem With propeller tip _learancc with the

propeller loading selected (approx. _0"SHP/D" at M = .8 @ 35 K) even

with the low wing design selected forSOoth the TP and TF.

1 The nacelle weight used for the turboprop was much heavier than

that of the turbofan and was defined differently. While the TF had the

strut and nacelle wrap separately, the TPhad the engine supporting

structure, the nacelle wrap, and other miscellaneous weights such

as the oil cooler, wing protection, exhaust, etc. all lumped together
and called the nacelle installation. This was used with one scaling

exponent which was the weighted average of the individual components.

, The nacelle drag of the TP is influenced by the propwash. Since this

is a function of the power setting, it was most practical to bookkeep

the nacelle drag, and the slipstream drag of the portion of the wing

733
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in the propwash, against the engine performance - not the aircraft.

This differs from the TF where the nacelle drag is calculated as part

of the aircraft drag. The assumptions and inputs used for calculating

nacelle drag were consistent for both the TF and the TP.

While this was the best way to handle the aerodynamic calculation,

it does introduce some confusion which must be recognized. A quick

look at the aircraft aerodynamic printout results in the impression

that the TP is more efficient (appears to have a higher L/D) whereas

it is really the same; it just doesn't have the nacelle drag included

in it. Conversely, it must be remembered that the nacelle drag and

the scrubbing drag on the wing are included when converting the TP

horsepower performance to thrust and, therefore, the engine

performance makes the TP appear less efficient than it actually is.

(Note: A small drag (f = . 10) was jr/eluded as part of the aircraft

drag of the TP as the penalty for a cooler for the gearbox oil. )

The aircraft mission performance was calculated in the same way for both

the TP and TF. The climb and descent paths were the same and the cruise
and loiter were done at the same MN and altitude,

The engine installation factors for bleed air and HP extraction were

slightly different. These factors were:

At takeoff:

TP Fn x .957

TF Fn x .985

These were only used to determine TOBFL, since the

takeoff fuel burned was an input to MASCOT.

All other mission legs "_'-,-.

TP Fn x .896; SFC x I.057

TF Fn x. 91Z; SFC x 1.035

*Except for the loiter at M : . 4 @ 1500 feet where the

engine performance was supplied on an installed basis.

The descents for both the TP and TF were done using an estimated net thrust

of oue pound with the fucl flow at flight idle used as the SFC. This was done

because the flight idle thrust level was not known and the desire was to avoid

introducing any artificial diLfcrence between the TP and the TF. At the

SF = 1.0 size, the fuel flow was taken as the same for the TP and the TF

since the gas generators are very similar,
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The takeoff fuel was found using 345 It/engine for both the TP and the TF

in their scale factor one size, and the landing fuel by using 160 It/engine.

This was done also because the actual engine performance was not known

well enough to warrant introducing differences. The fuels used are small

and it was more straightforward to handle them as described.

6.1.2 Powerplant Performance

Since MASCOT can handle only turbofan aircraft, all the turboprop

characteristics were translated into equivalent turbofan characteristics

and used as such in the study.

The engine performance used is shown and compared in Figs. 6. 1. 1 through

6.1.7. These are labeled noting that the performance includes the estimated

propeller supercharging and inlet losses, and also the installation loss factors

to be used to account for bleed and HP extraction (except for loiter at

M = .4 @ 1500 ft.).

Also noted is the fact that the TP thrust has the nacelle drag plus the

nacelle and wing propwash scrubbing drag subtracted from it. This was

done, as explained previously, because the propwash is a function of the

power setting and, therefore, it was most practical to incorporate it

into the engine performance.

The TP shaft HP data was converted into thrust using the generalized

propeller efficiency data supplied by Hamilton Standard. The propeller

selected was an eight-bladed, single-plane, M = . 8 design with a loading

of SHP/D 2 = 39.95 at maximum climb power @ M = . 8, 35,000 ft, standard +

18 ° F day. The engines were flat rated to this temperature. The SHP/D _ is

the loading at the propeller and, therefore, includes the gearbox losses.

The weights corresponding to the base engine thrust size @ SLS standard day

(33,153 lb for TF and 46,500 lb for TP) and the exponents applied to the

thrust scale factors were as follows:

Turbo fan Turboprop

Exponent Weight Exponent Weight
lb lb

Bare engine 1.25 4344 1.25 3404

Reverser 1.10 772 -

Nacelle Wrap 1.10 1338 - -
Nacelle Installation - - 1.1 4020

Prop - - I. 24 3897
Gearbox - - I. 5 3480
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6.1.3 Base Aircraft Selection

The inputs used for the base aircraft are as follows:

a) Body

Overall length
Maximum diameter

Wetted area

164 ft

18 ft

8000 sq ft

b) Wing

Aspect ratio 12

Taper ratio 34%

Average T/C 10%

c)

d)

Horizontal Tail

Aspect ratio 6

Taper ratio 35%

Average T/C 10%

Area/wing area 28%

Vertical Tail

Aspect ratio 4

Taper ratio 30%

Average T/C 10%

Area/wlng area 16.5%

After all the above characteristics are inputed, MASCOT performs all

the steps involved in designing and flying a commercial transport as
follows:

a)
b)
c)
d)

Determines the weight of each aircraft component.

Finds the drag.
Flies the mission.

Repeats these steps for a number of tentative TOGW's
and finds the TOGW that satisfies the mission.

The output is summarized in parametric form in the carpet plots of

Figs. 6.1.8 - 6. 1.17. The parameters were the wing loading, the thrust to

weight ratio, and TOGW. The ability to use T/W as a parameter is a new
feature for MASCOT.

r

736



( In addition to meeting the design range, the optimum aircraft also had to

satisfy the following requirements:

a) Maximum TOBFL = 8000 ft for the domestic aircraft and

10,500 ft for the international aircraft at SL 86 ° F.

The TOBFL limiting line was obtained by using a correlation

between the TOBFL and a takeoff parameter. This parameter

includes the wing loading, total installed engine thrust at

M = . 15, the maximum available takeoff lift coefficient,

CL max = Z. 75 (C L useable = Z. 75/1. Z2 = 1. 910) and
the ambient conditions (if'= . 954 for SL 86 ° F).

b) Maximum landing approach speed of 135 kts for the domestic

aircraft and of 140 kts for the international aircraft. The

landing approach speed limiting line was found by expressing the

landing approach wing loading as a function of takeoff wing loading,

available useable lar_ding llft coefficient, C L = 2. 019

(CL = CL max / 1' 3" = 3.4/1.69) and ambient conditiops

(SL 86° F).

The landing W/S to be used was not specified by NASA and

was selected as that corresponding to OWE plus 100go payload

plus reserve fuel. It should be recognized that the landing

W/S could be as high as the takeoff W/S if so specified and

that this would move the limiting llne on the carpet plots

enough to influence the decision on the aircraft to be

selected.

c) 5 ft/sec ROC capability at initial cruise condition at
maximum climb.

d) Capability of cruising at maximum cruise power setting
at initial cruise condition.

(
k... ¸
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The ROC and cruise capabilities are part of the computer output. Limiting

lines can be obtained by cross-plottlng the results for the nine parametric

atrcraft designs. In every case, the KOC requirement was more severe

than the cruise one and, therefore, only the KOC limit line is shown on

the carpet plots.

All the above limiting lines are shown on the carpet plots. Two sets of

carpet plots are presented, - one with the TOGW as a parameter and the
other with the fuel burned as a parameter.

For purposes of uniformity, it was decided to select aircraft with an ROC

capability of exactly 5 ft/sec. With this requirement respected, the

international aircraft were chosen to have the same wing loading and

were designed as follows:

Turbofan Turboprop

Wing loading 150 150

T/W SIS uninstalled .2430 .3037

TOGW 317, 404 311, 111

Fuel burned 103,994 9!, 556

TOBFL 8684 7168

ROC capability S 5
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With the 5 ft/sec ROC capability requirement respected, it was found

that the optimum domestic turboprop and 4-engine turbofan aircraft had

a wing loading of 140, but the domestic 3-engine turbofan aircraft could
not meet the TOBFL requirement. It was decided to hold W/S at 140 for

the domestic trifan and to accept the resulting higher ROC capability.

These three aircraft were designed as follows:

Domestic Domestic Domestic

,Trifan , Quadfan Quadp.rop

Wing loading 140 140 140

T/W SLS uninstalled .2910 .2598 .3230

TOGW 224,081 217, 104 217,930

Fuel burned 47,688 46,186 40,685

TOBFL 8005 7593 6300

ROC capability 10.8 5.0 5.0

To keep the exact 5 ft/sec ROC capability requirement for the domestic

trifan and also meet the TOBFL limit, the wing loading had to be dropped

to 120. For comparison purposes, it was decided to allow the domestic

quadfan to go to the same wing loading. These two aircraft were designed
a s follows:

Domestic Domestic

Trifan Quadfan

Wing loading 120 120

T/W SLS uninstalled .2519 .2525

TOGW 226,261 224, 218

Fuel burned 47, 329 47, 024

TOBFL 7934 6706

ROC capability 5.0 5.0

These lower-wingqoadlng aircraft are heavier and use more fuel.

only advantage is that they require slightly smaller engines.

Their
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Tables 6. 1. 1 - 6.1.4 present the results of the technical effort described

in this section. By comparing the four domestic turbofan aircraft considered

in this study, one observes that the quadfan with W/S = 140 has the lowest

TOGW and the lowest fuel burned; these facts qualify it as the best turbofan

design. Thus, this aircraft was used as the representative domestic

turbofan in the comparison with the optimal domestic turboprop design.

The compared turbofan and turboprop aircraft, both domestic and inter-

national, had the following in common:

Number of engines

Wing loading

ROC capability at the start of
cruise alt.

Range

Passengers

Figs. 6. I. 18 and 6. I. 19 show the payloadvs.

four aircraft selected for further study.

4

140 lb/sq ft domestic

150 lb/sq ft international

5 ft/sec

3000 n. mi. domestic

5500 n. mi. international

200

range capabilities of the
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6.2 AIRCRAFT SENSITIVITY FACTORS

The concept of completely rubberized aircraft was used in obtaining the

aircraft sensitivity factors. This concept basically allows the physical

characteristics of the aircraft (such as gross weight, wing area, engine

thrust size, etc. ) to change as necessary to accommodate small changes

in chosen parameters. The aircraft sensitiviL'-y factors are not normally

used by themselves, but rather they are a step toward obtaining the

economic sensitivity factors.

Again, the computer program MASCOT was used to define new aircraft

(all with the same W/S and T/W as the respective base aircraft) that

met all the mission requirements when the basic parameters were

changed slightly.

Following are the small weight changes considered at mission size:

Turbofan: + 100 ]b/engine

+ I00 lb/nace!le wrap

Turboprop: + 100 lb/engine

+ 100 lb/nacelle installation

+ 100 lb/prop

÷ 100 lb/gearbox

For the turboprop aircraft, a small change of + 800 lb in the weight of the

acoustic lining was considered. Since the acoustic lining base weight was

set at 800 lb, the above small change provides the sensitivity to doubling this

weight. It was further assumed that the same sensitivity would apply to any

equivalent change in any kind of fixed weight for the turboprop aircraft. Another

small change considered for all aircraft was a l°lc increase in SFC during climb,

cruise, and descent, with the SFC remaining constant for takeoff and loiter.

In running tile program MASCOT the wing loading and the thrust loading for

the sensitivity aircraft were kept constant at the valucs determined for the

base aircraft.

The aircraft sensitivity factors which were obtained in this section and

were used further in obtaining economic sensitivity factors were:

w

w

block fuel changes, shown in Table 6.2. 1

block time changes

aircraft weight changes, shown in Table 6.2.2

Aircraft component weight changes were also obtained here and were used in

the economic analysis.
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6.3 ECONOMIC SENSITIVITY FACTORS

The concept of rubberized engine and rubberized aircraft was applied.

The airplane performance factors used were those described in Section 6.2.

The airframe pricing, described below, was done according to the economic

ground rules suggested by NASA for STEDLEC. It was desired to make the

price of the aircraft consistent with the pric e of the engine, and therefore

the number of aircraft used was determined as follows:

a) For domestic trlfans - 2400 engines, 550 aircraft, 45.5_/c spare parts

b) For domestic quadfans and quadprops - 3200 engines, 550 aircraft,

45.5% spare parts

c) For international quadfan and quadprop - 1000 engines,

175 aircraft, 42.9% spare parts

The total aircraft selling price (in 1974 $) as defined in this study is made

up of:

Airframe structure

Furnishings
Electronics

Total powe rplant

The first three are found using the following expression provided by NASA

in their study ground rules.

/1000 _ Q I 1000 /

+ . 003(seats) + . 60

AMPR Weight = TOGW - Fuel - Payload - Operating Equipment -

Powerplant - Electronics

Q = Number of Aircraft in Production Run

The AMPR Weight and Q define the airframe structure price.

The furnishings are priced at $3000/seat.

The electronics are priced at $600, 000.
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The powerplant price is the total of the engine plus reverser plus nacelle

wrap plus pylon in the case of the turbofan, and the engine plus propeller plus

gearbox plus total nacelle installation for the turboprop.

For the turboprop, a small cost was added for the 800 lb of acoustic shielding

installed in the cabin to shield against propeller noise,

The above represent the total selling price. There was no additional amound

for the amortization of research and development costs. These were considered

to be in the above prices.

Table 6.3.1 shows the selling prices used for the engine and associated parts

in the scale factor one size. The procedure used for scaling the selling prices
is also shown.

In general, the economic ground rules recommended by NASA for turbofan

aircraft were followed in performing the airline economic analysis, Following

are the exceptions:

Ao Direct Operating Costs

For the engine maintenance costs, the text of NASA CR134645 was not

followed. Instead, a method which is more representative of GE

experience was employed. The formulas used were:

Material per engine per

1000 flight hours

Z. 5% of engine price

Material per engine per

1000 flight cycles

1.0_ of engine price

Labor manhours per engine

per flight hour

0.55 + 0.00Z x SL thrust/1000

Labor manhours per flight cycle 0.45 + 0. 002 x SL thrust/1000

Material per reverser per

1000 flight hours

0.5_ of reverser price

Material per reverser per

100 flight cycles

0.5% of reverser price

Labor manhours per reverser

per flight hour

0.6%

Labor manhours per reverser

per flight cycle
768
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The airframe maintcnance costs were allowed to vary with the

aircraft weight and price.

It was assumed that the burden was related to labor costs only

(rather than to labor and material costs). The accepted industry
standard of Z00% of labor was used.

Indirect Operating Costs

The equations used were based on a study entitled "A Proposed

Standard Method for Estimating Airline Indirect Operating Expense",

Report No. LW700-500R, May 1970, by R. F. Stoesselo Inspection

shows that this method is very similar to that used in the ground rules.

Those costs which are functions of aircraft size and pr,:ce were allov,-ed

to change, rather than varying landing fees only.

There were no ground rules relating to the maintenance of the prop and gearbox.

Following is a description of the method used in handling these.

The turboprop powerplant maintenance was divided into three elements;

the engine, the propeller plus gearbox, and the nacelle installation. This

is comparable to the turbofan which _s divided into the engine, the reverser,

and the nacelle wrap.

The turboprop engine maintenance was calculated using the same formulae

as used for the turbofan except:

The labor and material costs were both increased by 8a/¢ from what

is used for a turbofan, since what is called "the engine" in the case

of the turboprop is actually just the core portion of a turbofan engine

without the fan which is a low maintenance item.

The maintenance labor is a function of SLS thrust in the formula used.

Rather than use the high static thrust of the prop (46,500 lb} combined

with the turboprop scale factor, the decision was made to use the

static thrust of the fan (33, 153 lb) times the turboprop scale factor

as more representative of the engine maintenance labor.

The turboprop propeller plus gearbox maintenance was found using

expressions supplied by Hamilton Standard.

Labor S/fit hr = (. 51)(S. F. )" 48 for domestic and international

.71
Material $/fithr = (1.32)(S.F.) for domestic

71
= (1.79}(S. F. )" for international

• (Note: S.F. = scale factor)
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The nacelle installation maintenance was found as part of the airframe

tnaintenance, as was the turbofan nacelle wrap maintenance.

The tool used to perform the economic sensitivity analysis was COSTBC74- -

a time-sharing program for calculating DOC, IOC, cash flow and ROL

COSTBC74 was run repeatedly with the various aircraft sensitivity factors

incorporated and new economic results were obtained. By comparing these

factors with those for the base aircraft, the economic sensitivity factors

were derived. :

The economic analysis was performed for a representative average range of

700 n. ml. for the domestic aircraft and Z000 n. mi. for the international

aircraft, and for an average passenger load factor of 55°]c for all aircraft

studied.

Tables 6.3. Z and 6.3.3 present lists of inputs used in COSTBC74 to determine

the airline economics associated with the base aircraft.

Fig. 6.3. 1 contains plots of DOC vs. range for the base aircraft.

The DOC breakdown for the base aircraft is shown in Table 6.3.4.

The economic sensitivity factors obtained in this section are shown in

Tables 6.3.5 and 6.3.6.

Table 6.3.7 shows the effects of doubling the domestic fuel prices on the

DOC and ROI.

As expected, the turboprop aircraft shows a considerable amount of fuel saved,

which, in turn, causes a relatively not so large a reduction of DOC. However,

the DOC effect is not enough to significantly influence ROI because of the

increased investment necessary with the turboprop. It should be noted that,

if the fuel prices increase, then the DOC influence on ROI will be larger,

and the beneficiary will be the turboprop aircraft.
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Tabie 6.3. 1

AVERAGE SELLING PRICES

Eng{ne

Reverser

Nacelle Wrap & Pylon

Prop & Gearbox

Nacelle Installation

Domestic Domestic

Trifan Quadfan

Dome s tic

Prop

Intern'l

Fan

798,300 750,700 726,175 962,500

119, 300 112,200 - 143, 800

373,000 350,800 - 449,800

- - 264, 760 -

451,410

Intern' 1

Prop,

930,330

384,910

578,320

The above prices are for a 33,153 lb SL standard day engine size for the

turbofan, and 46,500 lb SL standard day engine size for the turboprop.

These were the base engines used which were scaled to find the actual

size needed to satisfy the payload-range requirements. The expressions

used for selling price were:

Engine

Reverser

(Base Price)(S. F. )"

(Base Price)(S. F. )'

55

• TF Nacelle Wrap &

Pylon

Prop & Gearbox

8
(Base Price)(S. F. )"

(Base Price)(S. F. )" 5. 69735 for domestic

(Base Price)(S. F. )" 5_ 103420 for international

TP Nacelle Instal-

lation (Base Price)(S. F. )"8

f
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Table 6.3.2

INPUTS FOR ECONOMIC SENSITIVITY FACTORS

BASE AIRCRAFT

COMMON TO ALL AIRCRAFT

(

Depreciation period
Residual value

Airframe spares

Engine spares*
Service life

Depreciation schedule

Borrowed investment

Interest rate on above

Additional investment

Investment tax credit

Tax rate

Insurance rate

Average passenger load factor
Labor rate

Burden factor (times labor)

Cargo

Total number of seats

Number of first class seats

Number of tourist seats

Year for economic calculations

Enplaned ratio
Ground maneuver time

Flight Mach number

Cargo revenue

15 years

0

:: 30%

15 years

Double declining to straight line

5O%
157 
0

0

5O%

55%
$7.30/hr

2

0

2OO

3O

170

1974

.9
°25 hr

.8

0

$Same percentage used for reverser spares for TF and

prop and gearbox spares for TP
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Table 6.3.3

INPUTS FOR ECONOMIC SENSITIVITY FACTORS

BASE AIRCRAFT

NOT COMMON TO ALL AIRC_:LAFT

<

Fuel cost, $/Ib

(¢/gal)

Total aircraft cost, $M

Cost of one engine, $

OWE-Engine Wt.-Op. Equip., Ib

Design TOGW, lb

Thrust/engine @ SLS, Ib

Number of engineB

Cost of one reverser,

Cost of one prop

$

h gearbox, $

Block time, hrs

Block fuel, lb

Stage length, n. mi.

Passenger revenue, ¢/pass.-n. mi.

:Domestic

FEn

4-englne
W/S= 140

.,0458
3O

1!.824

082

102,795

217, i04

14, 101

4

56,617

1.90

1l, 259

.700

8'997

Domestic

Prop

4-engine
W/S=140

.0458

3O

12.138

4Z5,544

108,181

217, 930

12,547

4

w

136,039

1.895

9,737

7O0

8.997

Intern' I

Fan

4-engine

W/S= 150

.0687

45

23. 142

714, 404

133,047

317,404

19,282

4

93,209

4.72

34, 600

2000

8. 248

Intern'I

Prop _

4-englne

W/S:IS0

.0687

45

23.454

640,993

139,093

311,111

16,842

4

244,626

4.72

30,649

2000

8.248
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Table 6.3.4

BASE AIRCRAFT DOC BREAKDOWN

OFF-DESIGN RANGE, 55°/cL. F.

DOC, ¢/seat-n. mi.

Domestic Domestic

Fan Prop

4-engine 4-engine

W/S=140 W/S=I40

1.413 1. 379

Intern'!

Fan

4-engine
W/S= 150

1.835

Inte rn'l

Prop

4-engine
W/S= 150

1. 779

Fuel,

Crew, %

Depreciation, o_

Insurance, %

Airframe labor,

Airframe material,

Engine labor,

Engine material, °It

Reverser labor,

Reverser material, %

Prop and gearbox labor, _¢

Prop and gearbox material,

Burden, %

26.64 23.62

19.24 19.67

24. 46 25.71

3.33 3.49

3.81 4. 05

2.84 2.96

2.11 2.32

4.86 4.87

.24

.15

- .11

- .23

12.32 12.97

774

33.07

16.87

26.86

3.68

2.49

3.oz

1.24

4.74

• .13

.14

7.71

30.22

17.32

28.15

3.85

2.63

3.16

1.37

4.74

.

.09

.28

8.19
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Table 6.3.5

DOC SENSITIVITY, /kDOC,

OFF-DESIGN RANGE, 55_c LOAD FACTOR

Number of" Engines

+ 100 1b/engine*

+ 100 lb/nacelle wrap

+ 800 lb/aircraft body weight

+ I_ SFC

+ $1000/engine

+ $1000 /englne (w/o spares)

÷ $1000/engine (spares only)

+ $1 mar'l/fit hr/engine

+ .1 man-hr/flt hr/engine

Domestic Domestic Intern'l intern'l

Fan Prop Fan Pro[92_

4 4 4 4
W]S=140 W/S=140 W/S=150 W/S=IS0

.228 .205 .237 .211

.263 - .250 -

- .511 - .520

.446 .411 .971 .715

.0212 " .0226 .0128 .0137

.0108 .0111 .00616 .00640

.0103 .0114 .00665 .00740

.334 .368 .244 .271 :

.731 .806 .534 .594

*For the turboprop, it was decided to apply the DOC sensitivity due to

engine weight change to equal weight changes in propeller, gearbox,
and nacelle installation.

(
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Table 6.3.6

ROI SENSITIVITY, A R_OI , POINTS

O__FF- DESIGN RANGE , 55% LOAD FACTOR

Number of Engines

÷

( - 4
+
+
÷

.+

+ 100 lb/engine*

+ 100 lb. nacelle wrap•

+ 800 lb/atrcraft body weight

SFC
•$1000/engine
$1000 /engine (w/o spares)

$1000 /engine (spare_ only)

$1 met'l/fit hr/engtne

• 1 man-hr/flt hr]engine

Domestic Domestic Intern'l

Fan prop .. Fan

4 4 4

' W/S=140 W/S=140 .W/S=ISO

Intern' 1

Prop

4

w/s=150

-,I14 -,I02 -,0933 -,0818

-,120 - -.0960 -

- -.260 - -.205

-.155 -,142 -,364 -.229

-.Oil9 -.0117 -.00505 -.00511

-.0101 -.00982 -.00372 -.00371

-.00177 -.00187 -.O013Z -.00139

-.0569 -.0600 -.0486 -.0512

-.125 -.131 -.I07 -.112

.... r

J

*For the turboprop, it was decided to apply the ROI sensitivity due to engine

weight change to equal weight changes in propeller, gearbox, and
nacelle installation.
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Table 6.3.7

FUEL PRICE INFLUENCE ON AIRLII_E ECONOMICS
L

DOMESTIC ATKCRA FT

Range = 700 n. mi., L. F. = 55%

• DOC, ¢/seat-n, mi.

• ROI, %

OUADFAN OUADPROP

W/S= 140 W/S= 140

_ Fuel @ Fuel @ Fuel @ Fuel @

1.4126 1.7883

18.0507 13.4351

1. 3787 I.7036

17.9132 14.0211

, /k DOC, % due to

+100 Ib/engLne

+I00 Ib/nacelle wrap

+800 Ib/body acoustic lining

+1% SFC

+$1000/engine

+$1000 /engine (w/o spares)

+$1000 /engine (spares only)

+$I rnat'I/flthr/engine

+. I rnan-hr/flt hr/engine

+.228 +.253 +.205 +.228

+.263 +.281 -

- - +.511 +.556

+.446 +.595 +.411 +.552

+.0212 +.0168 +.0226 +.0183

+.0108 +.00856 +.011i +.00898

+.0103 +.00816 +.0114 +.00922

+.334 +.264 +.368 +.298

+.731 +.577 +.806 +.653

k...
.............
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1,c

1,8

!

" 1.7

1.8

_ LF = 55%

Internal Quadprop _
W/S -- 150

W/S -

1000 2000 3000 4000

Range, n-,:t

• 5OOO
...m,,

6000

1.5

1.4

i 1.3

¢j.

" 1.2

1.]

15

0

-_\\\\ / w/s- 12o

W/S = 140

Domestic Quadprop
W/B E 140

I000 2000 3000

Range, nml

Fl&u&r_ 6.3.I
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, I "1.0 TASY'_II REVIEW OF INTERTURBINE REGENERATOR

7.1 Introduction

This heat exchanger engine showed promise as the best

of the engines of its type during Task I. The results showed

though that with optimistic assumptions it was worse than a

geared fan at the same fan pressure ratio. This configuration

was not recommended for further study. Nevertheless, NASA

requested that the engine be subjected to thorough review to

ensure that the recommendation was supportable.
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7.2 C__cle and Aerodynamic ,

A review of the aerodynamic inputs to the regenerator

cycles was conducted. The following four areas were updated.

I) HPT cooling increased by 1.'4%.

2) Regenerator duct pressure drop increased by 4.5% (Section 7.2.2)

3) Booster efficiency adjusted (Section 7.2.3).

Section 7.2.1 presents the final cycle definition. The

influence of the above changes was permitted to appear in

._ core exhaust velocity with no change in bypass ratio.

z

r
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7.2.3 Booster Aerodynamic Definition

The following represents the buildup of efficiency

for the two regenerative engines @ 35K/.8/+I8/MxcI.

()

P/PFan

Booster

No. Stages

.... uT/,/-6

P/PBoost

P/Pstage

r/r

_Stage

A _Location

A_ariable Stator

_Advanced Tech.

A_Reheat

_qRadius Ratio

_Boost

1.7 1.55

2 3

890 760

1.42 1.57

1.19 1.16

.79 .83

.917 .914

-.005 -.005

-.01 -.01

+.03 +.03

-.003 -.0065

-_012 -.0145

.891 .8825

P/PFan Hub 1.63 1.48

Fan Hub .812 .805

Overall .859 .861



TASK II CDR

i

_J

7.3 Engine Mechanical Design Review

Weight, Cost and Maintenance

For Task II, the interturbine regenerator engine design

was re-evaluated for weight, cost and maintenance effects.

Since there were no changes in the Task II base

regenerator engine in terms of size, cycle or operating parameter_

the previously estimated base engine weight of 3635 Ibs in

the design size was retained. A breakdown of the engine

weight is given in the Task I design discussion of the

regenerative engine.

However, there was a small change in the size of the

interturbine regenerator and a corresponding change in the

estimated weight. The overall diameter of the regenerator

remained unchanged as shownon Fig. 7.3.1, but the regenerator

length was decreased to 34 inches. This affected the weight

of the distribution and collector duct but not the_ headers

or the LPT plenum and the bearing support or rotator.
%

Starting with the original Task I weight estimate in all

Nickel alloy shown in Table 7.3.1, a new regenerator weight

estimate was made shown in Table 7.3.2 in all nickel alloy

construction. Ti-Alum. alloys were then applied where possible

and a new regenerator weight estimate was made of 683# as shown

in Table 7.3.3.

In the above weight estimating procedure a minimum cast

wall thickness of .060 nominal wasassumed for all distributors,

headers and collectors.
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Page 7 - 12

Maintenance Costs were estimated by breaking down the engine into

components and estimating the average number of times each component

would be replaced over a 36000 hour engine life. This number was called

the replacement factor. For the regenerator engine, 30 components

were estimated in this way. A iist of the components and the replacement

factors assigned is given in Table 7.3.3.

Replacement factors were estimated by using current commercial

experience and making an adjustment for differences in operating environ-

ment and for materials used in the components. A replacement factor
Dr

equal to one indicates just one replacement in the engine lifetime 9_f a

part life of 18000 hours. A replacement factor of less than one in-

dicates that only a partial replacement of that component would occur

in 36000 hours or that only one replacement of a large item (such as

a fan frame) would be expected in a group of several engines over their

lifetime. The ceramic exchanger replacement factor was based on
t

manufacturers supplied estimates.

Engine maintenance costs per hour are calculated using the re-

placement factor to generate parts costs per hour and then adding a

labor cost as a fraction of the parts cost. It is believed that the

above procedure reflects more accurately the maintenance cost vari-

ations between engine configuration and technology levels.

r_
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To!

From:

Subject:

E. D. Riley

R. P. Johnston

Table 7.3.3

Re-estimate of the Regenerative Engine Weight for

USTEDLEC

<

Reviewing the engine weight shows no changes in cycle,

flow," etc. to necessitate any change in the previously estimated

engine weight.

Regen. Eng. #2 (P/P = 1.55)

Engine Weight 3397

Regenerator 683*

4080#

7% Margin 286

Total 4366#

. k

*Assumes extensive use of (Ti-AI) alloys wherever possible in

the distribution and collectors. A more conventional alloy

system in Ni Alloys would weigh 869#.

z
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7.d Relgenerator Installation

The installation of the 1.55 and 1.7 P/P regenerator

engines were based on the design used for the STEDLEC baseline

engine installation. The inlets had the same ratios of L/D

\
for aerodynamic characteristics and acoustic treatment. The

same type of fan reverser was used scaled to the bypass air

1
flow. Because of the increase in total length required by

the regenerator, both the outer duct and core cowl lengths

were adjusted to suit. The use of separate exhaust flow

were accounted for.

The weight and cost breakdown are as follows:
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7.5 Economic Evaluation
°,

Based on the installed SFC of the two regenerator

engines, it was decided to perform a detailed benefit analysis

on only the P/P = 1.55 engine.

Attached is the benefit analysis output for the

Transcontinental and Intercontinental aircraft.
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8.1

CDR TASK II
U

Introduction

Geared Fans

The geared fan selected for further study in Task II

is the P/p 1.55 fan with booster stages located aft of the

fan blade and driven off the high speed LP turbine through a

gear with a gear ratio of 2.6. The emphasis in the detail

study was to select efficient booster and LP turbine stages

in a compact arrangement. The core was identical to the

14:1/2600°F takeoff turbine inlet temperature core used

throughout this study.
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8.2 Tabulation of Component Efficiency Levels

7-U Geared Fan

35K/.8/+18 Mx Climb

Efficiencies

Fan Tip

Fan Hub + Booster

Compressor

HP Turbine

LP Turbine

Mixing

Combustor

Gear

Pressure Ratios

Inter Compressor

Inter Turbine

Fan Duct

Core Duct

Combustor

.880

.8732

.860

.898

.9195

.750

.9875

.990

.984

1.0

.9956

.9940

.947

Cooling & Leakage, %/Energy Charge

Stuap Purge 0.5/.25

LP Turbine 2.22/.612

HP Turbine & Leakage 4.9/1.0

Sink

Post LPT

Post LPT

Post IIPT

f
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8.3.1 Cycle and Aero Design

The cycle was defined with component efficiencies

based on a flowpath layout which is attached. Then detail

aerodynamic and mechanical design evaluations proceeded and

the final cycle was not actually recomputed in full. Instead,

the effect on SFC and sizing parameters of the component

changes were obtained by the use of engine sensitivity factors.

All component aero design calculations are carried

out at the Mach .8/35,000 ft max. climb sizing point.

This corresponds to Point #i of the attached data.

h
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Cycle Data for 7-U

All components correct and final except for booster efficiency

too high by 1.6 points. LPT efficiency too high by 0.i points (trivial).

All cycle data are presented in the 68.4 ib/sec core airflow

size and then scaled to the size needed for mission analysis.

The corrected component inlet flow tabulated at W2C = 68.74 ib/sec

includes 0.34 Ib/sec 1.5% which does not actually enter the

compressor inlet and is bypassed to perform sump purging functions.

The compressor is sized at 68.4 lb/sec.

/
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=_._J___c%__.-?_l_..cYcLE_OM_.NCLATU_E

Flow, Ib/sec

J

Temperature, OR

Z -"

%

To-Tstd day

Ram Recovery

Bypass Ratio

• o
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.ET_I _

Q
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Dynamic Pressure
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WFI4 Fuel Flow, ib/hr

ETABM
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Burner Efficiency

HP Turbine Flow Function

NRT4 HP Turbine Corrected Speed
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F_I2 CYCLE NOHENCLATURE (Con£.)

ttP Turbine Energy Function

TFF2TC LP Turbine Flow Function •

N/RT 54

.- , .DII/T54

V

CF

AE

• CV

FGG-HX

LP Turbine Corrected Speed

LP Turbine Energy Function

Velocity, ft/sec

Flow Coefficient
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•Velocity Coefficient

Mixed Gross Thrust, ib .
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FD Ram Drag
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o.o_2q o.o_25 o._T2s--_of2S-- ,_t_S--o,01aSo 0.0125---jbi250
O, O, O_ O. 0 O, O, O,
o,o05o o.oo5o o_cn_-_ o_oo50 o_o--$o, o.on5o, o,o05* o.oo5--o
n,o_2q_O_O_P_ ..... O_n_2_ O.O?2a 0_02_ o,nP_ 0,022_ o,022_
_,0_7_ O,OP7_ O.npTa 0_027Q 0,0?7_ 0_0_7__0_027_-o,o77_

WCI/2C 0, n'_20 0,0320 O:n'_20 0.0_20 0;0320 0_0320 0,0320 0,o'_20

FIffAH---O.3ASO O,3_SO O,,x_SO 0,.3_._0- 0,_3_0 O,.3_AO O,3SE_O O,3t_SO
._,._ FCAHSI 0,P_'_o o.28':;n o._ASn 0.2_50 n.2_'i0 0.2n50 0,2_50 0,2Rb0

......... c

. FC At-(5_ 0,7_00 0,7500 O_7. qO0 0,.7500 o_7500 0,.7500 O, 7S-oh o, 7500

FCHS51 1,0000 1,0000 1._n0n 1.0000 1 0000 |,t0000 I.O000 1,0000
_FcHS52 "--0-, 2770 --0-;2770---0. ?'/7 o---o .2770"--0 ,_2770 --"0 ,,2770 ---0 ;2770 ..... 0,2770



I
HI SA,-tJSTEInl EC/7U CY£1 E (TASK

-- DUAL,,SPFI(JL;" LflW FAN P/P, _,t.iD
,.,,-

NOTE - WpC, : PPTNTr)LIT V^ I IrE

----_,i{.Ji'[ - FUR THIS CYCLF, LPT

_(

2)

FOR WA_D-CljU_4 TE RI_01',(? I _IG--B[lr.}s ? E R

* +qO5 ,
nP_,l-E--r,Et_ff--TZVfU-/-VEQ---@H

CASE :00 P.OO_._,___CO0  ;oo s;oo 6:o0 7.00 8.oo

AFPt _ 5q7o.3 5a79.3 5_7o.3

_F25P 3_52,a $952,a 3Qq;,a

_[25 3qSp,a 3qsP.a 3Q_p,a

AE26 503n,! 503o.1 5O_Q,1
AEP7 836_,7 a365,7 4XA<,7

AE2a 285,7 2_5,7 2_,7

AESI 1a7.86 la7.RS 1a7_6

AE56 82A,5 826,5 _2A,5

AE58 831,5 831,5 AXt,5

-AE5q _lQ7m2 5tq7_2 51o7,2

SJJ7q. 3 5a70,3 5a7q_3 5a7o,3 5a7°,3

3')'->P_, _ 3t_52. a 3b S_,T--_qS_. a 3qSP.,
3952,4 3952.o 3q5.'_,4 3952,, a 3952, a

5o 3o,-f .... 5636., t---5d_o,-t--Sn:3o,-i --SO _,o;1
43h5,7 8365,7 03_,7 0365,7 ta3.A5,,7

285,7 285,-7 285.7 2_5,7---285,7

aa,3 aa,3 .a,3 _a,3 aa,_

187.8b ta7,e6 lZi7.86 147,g,5 -t-_J7_- 6 G

826,5 626.5 821_15 826,5 R26,5
831 .5 83'[,5 831 ,5 831,5--83]-,-5

5_07,2_ 5_q7,2 51q7,2 5197,2 5197,2
!

'PCNFR" 100_00 QO_OP 07_82 07.57 @6.20 qa:_5 _2,0o 85._7

P2322_1 1,_750 I,_751 I._n7a 1,80q1 1.7709 1.7325 1.b5_3 l,Uq_O

--E_F_+B o,8_o3 0.8503 o._25

-+

+ :

(

£._ "--

PpaICM 2,5,_a0 2,5a32 P.aTqa

.FFIC_8 2lq_ql 270._6 2AT_7q

SFFICP O,qOSS 0,q055 0.6q53

ETICN_ 0,8558 0,_558 O_ps7S
SETICR 0.¢052 O.oqS2 O.ooa7

i3_o,q3 1355,00 13aa._3 1316,21 12_5,0a

o. 525 o, 85EI---O ;ss 8--ij.-856o--o.6 

_7.57 9,6.20 Qa.755 92.08 8-5.07
2.14788 2.a_19 2;a055 2,3225 2,121[

26.8.50 261.71 25_. 7-1 2_0.2_1 2 _T9_ 5
0,q057 0,9q56 0.9955 0;9952 O,qqd6

0:8578 0_857g 0 ,.85 _.0----0,,"_ 5 13 0,6-530

O,_q51 O.9qaq O.qQ_17 o,9gq3 O,qq32

PCNRTM 10O:00 10n.on

P302CH 11,@oo_ 12.0011

CFFHR 130.n60 130.06A

SCFFR O,qqqa 0,9908

[TAC_R 0.8_30 0._530

t1.A+_53 11.b7_6 11._62_ 11.25G$ IO.7+Sb 0,_7

n.m_61 h.855q 0.R575 0,_5_0 0.8617 0,865b

_onol 1.0002 1.0o02 1.o002- _.00o_ 1.o0_0

O,O7p_9 0,n728_ 0°07286 0,0728-7 0.07286 0,0-'/280
l_a'sn 1_a.'_ 1_5.17 1_6.1q

1.0n0o 1,0000 1,0000

O_P_RT_ 0.88-7_ o,t_6_0
1.00O0 1.000O O.Oqq9

SETACR 1,000i 1,0001

DHOTqM 0,07200 0,072q0

XNORa_ 188_28 1_.28
82 33.

STFFR 1.0000 t,O0

ETATHR 0._78
SETATR 1,0nO0

82
oo l.nnOO

0,887_ 0_7_
1.0000 l.nnO0

1_.20 t88.a0

1.0000 i.O000

0_8_7fl Ot_7fl
1.0000 1.0000

DHOSaM 0.07260 0.n7260

XNRSa, q6"_7 ........9_q5--- -

TFF2_:_ 125_o4 125,0a

----$F-PtR ...... 0_99b5"----0-;_0S
ETApr+R 0.q17S O.OI7_

--$_T2Ifi o._TS--6T_o7s

O.nTT6O 0,07164 0.07112 0.07057 0.0A93_ 0.06831

t_5,o_ 125.o+ 1+5.1o 125.12 125.i6 125.25
o,o2_3 ojooqS--b_99.W--d.'ooqa--O;_qo2---o;_o85
¢1.o_6Q 0.0160 O,ql_q o.q_5 a 0.014-_ 0.9105

NSII 0 0 0

NSI3

NSI_

0 0 0 0 0
0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 O. 0 0 0 0 0 0

NSI5 0 0 0 0 0 0 0 0

ICASE 2 3 _ 5 b .1 8 q

e



..... NASA,'ItSTEI_t.ECI7U C_CLE (T_sK 2) .
OUAL,-SPf)f}L, ll_w'FAh P/Pp ^_Q FnRwARD"COUNIE_ROTATI_G-BnliSIER

N[)TC ,, w'2C* -" Pg'I_'ITf}IJT VAI lie * tq9_

---N-O'TF. - FUR THIS CYC_/F't IPT RPI4 = GEAR PkT|[I * FAN RPM

CASE _2oo I_o,oo lL_oo

Al.s 3so_o, o. o;
.o o._oo o. oi'p_o
PC 50_00 50,nO 5n_O0
RC _o.60 _O.oo _-k_.o6

SFCGr'W 0,60_I 0,283_ O, "_n_l

FN_"CF O, O, . _v

SFCGCF O. O, o_

8FCGPM 0,6050 0,28_0 0.3_5$

..... "TO -T_? °: DELTO O_ 27,00 0
,, TO 393.aS $_5,A7 5_.67

PO 3,a_80 la,6qbO la.6obO
T2 aaa.a_ 5a5.67 55?_51
ETAR 1,0000 f_O000- f_knO0

r-P2 5.p?_ 1a,6o6 IS_So
P22/P2 O,qoo6 Omqqq6 O,noq_

U21 n,5_16 O,Sa6a 0_55_
P22 5,270 la,6QO !5_X_

I "

B 13,1qSa I0,a861 lO_qpe5 ...
PATH PMIY PuIX PNT_
_I_2C 0,0020 0,0020 0.0_20

"" W8

TBD

PSI

•--YB-I

HPE

0. 0, O"
los'_3 _.3_ _k_._
! I5o,a 1533:7 l_nk

O, O. O,

PCNF
NF

PCNF *

W2*
W2

P2%/P2

_._7 _._oo _A'_o_
Ia?.7 _56--l-bq-2_-53--1-Sr/6-'27

I,2nql _._07q I_'too5

/

{

_22 O, 3Xti2 0,66a6 O._n6a

HPFAN 56_. _7oa, 20p_8.

P_SP?3 1.0ooo l,oeoo l.nnoo

AE25P 3QSP,Q 3952_ 30r,2, II

816
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. NASA-USTFrHFCITU CYCLE (T^_K 2)

m . =

""--" ......DIJAL-SF-'AFII., {.Q_IFAN P/P, _.IO-FnR_APD-CIquNTEIIRGT_TII4C-BPP, STER

" NflIF - w2C, = PRI:ITfHIT VAI IrE * ,qqs

_01E -FUR Y_S--_CL-E, tp_ R_hT--=_-_,T_F_--R-_TI-_-_--RP_{

CASE 9;00 10.1%0 |I."00

_P2TP_P 1.00o0 I.o('00

P25 8._71 20._82

025- |._5_ _.t283
T_5 _7h,8 60q.6

M25 o.S-qS? 0,5077
W25 5_n_02 13_7.o2

P.t_n'" _3s

2t "'t 3tl

--s:;;TsY
6 I tj i _j --

13o7_6q

---F2-6 ...... -6.._39.... _o, _,-02--2 t .___7
M26 O, tiP62 O, 37t_1 0_3a52
P27/26 1.0n00 1.00o0 1._000

P27 e.X3o 20,602 _l_Pn7
H27 0.5153 0._=a6l U._nq
PS27 5.pSB 17.q73 l_'xTa

w21 5la o2--i-$27,-q2 13o7.69

_27 _76,8 80q.6 61a,3

' WIC* lO0_5a 129.qu IP1_59

' ( ETAIC 0.8687 0.8958 O.nq_

HP1C 153_. 732q. 7a_5_

M2a 0,3_07 O.OOqn O.anol

P_CI2_ O.O_qT' 0.q865. 0.on68

_e__ o. o. qZ
_/R/W20 O, O, O_
PS2ff2O ..... O. O_ 0 x

.....DPIO2D Ot O, O_
P?D/2_ O. O. 0

W?D O, O, O.

M2D O. O. O,

f

!

PS2D O. O. O"

Ps_sP....s,_T_--q-_._ _A---t-7.%,7B-

P2C 10.663 3a,373 3S_
tPC 56n,_ 715,_ 7_,q

_FCNG 86,q85 _Ot _8_ 101:_q

_^_C2C O. O, O,

_2C 3_q5 IPb.6a lPo'O_
w2c, _.ai 6_.6_ 6;_qi

8.t 7



N_SA.,IJSTFDIEE/?IJ CYCLF (I;_K 2)

.... DUZ.L..SPr)OL;' l.r1_,JF'AN P/P,-R ;fO'FORV; AnD-'_'t_t]N'I'ERROTAT_I_J_,""BOOSTER

NOTE - w?C, = PRI_TnUT V^ Ilie * ,qq5

NOTE - F0-R_TS--CY-CL_', LPT RPH -"(;-E"-_-h-'--R'-A-fIO* FAN RPH

CASE °ZOO I0,_00 _U:oo

;{_C h, S 136 0, SS&S 0;_ ]7

HPC 7_1 3, 36_03, _,6_o7.
RNZPC 0,6 71 t,S(,S 

--T3 I 15o, t! 153_7 )S.__ 1
WARC3 0. Oo O,

H_R3 __.OL .... O_ 0.

¢,..

7

I

• ". . .

,I o . .

P_/P3 O,qg23 0,9_56 0,_g53
WFM 2|37,1 1tI_6,7 _]?nT,_

, F_R33q 0,.01__&.7 0_,07....8_3_3___0,.h_;n.2__
T3q 2_7_,7 31 .riA,5 3Is_,2

•,.._. WAR_ 0. 0. 0,

=.

P/4 10q,_96 _.05,7_ _|x,SR
WU 30,50 11q,Sb 12_.t6

DH/TL_ 0,06055 0,0_9/_5 0.0_o85

l

"., "m'"

i

ETAT 0,89B1 0.AO82 0._oB_

HPALIX 1 _/_q _h, 7R_ _7._b_
PQ/PSI 3,7X_O 3.6q60 3.'_0_

TSI 163_,3 ?-31o,7 23_o,q

WAR51 "0, . O, O,

H51 0,_7_0 O._81q O:_At8

• •

". !,

• • . )

I

. 818 ..
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..,

, N/,SA-.USIEDI. FC/7LI cYr.I.E (Ta.qK ,_)
" ._-- ...... t)UAL-SPigA[;;- LiTWFA_j P/P, ^f,:D -F_R_D--Cr_,u_I'ERP_T_TI}:G-?_F/_STER

" _JC1TF - w?Ct, : PPINT{IlIT Vk I lie * o_

(
CASE 9_o0 lo.oo

p_LI _-B-,lIR. 10g,707 111.-';tS

'1'5,____ 163_,3 _231q,.7 ?..31_?,(_

Ft_St-I -O-,O-Is67 n,02515 O,op_o5

WARS_ O, O, O,

TFF?TC .55_?. 3 55,32. St_ ._32.
N/RTS_ _'/o _-( 61.07 _n;g7

- HP_T 71_,_. 3_I?-3. "_6773.

PSLI/56 _,_;_lt; 5,_16q 5,_n53
.T,

P56

_156

W56
..

i_56
P58/5_

"-'-_--S_

'PS58

• l13_.a 1_06,3 16n7, L_
39_6 ]Zq,_J7 131."96

O,qq_5 O, oq_; O.naSS

"-"_ P5q 6,230 2(1,375
M59 O,tio13 O, L_tlR5

•-,'-I_.3-_ 5_E_-_-7---7-65.3
W50 553;_8 1_457 3¢_

O.z_¢.O_

7n_,q -. . -
152o_5

i.nnoo . .

¢: FAR(_MX O,OOt07 0,00213 O,On?06
WARC_HX

-----_B- :_x
TB-HX

PB-MX

PBPOHX

HS,,HX
VB.-w.X

O, O, O,

52r_,7 70S,3 7n6,q

_.23o P.o,375 2o.-'__;_
1,Bnl5 1,3&6c[ |.LI27q

o. ')_,(, d.-7oo t o. 7 _,25
9tlR, 7 86g, _. q_,m7

o. _,-o-(>_ I,OIb_ l.nloS
AS..MX 38am,6 38aq,6 3gOOmB

Vq-HX 9_,7 g6q,2 o_,7

CFG-_!_ 1.0OO() |oPOrtO 1.nnOo

16OA_, -30177, _2_a_.

o;Tso  ,Tso _oZ. so
FGG-PH

.__Pc-Nx
L_.

I

-j'.
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NASA.USTFn t FC./7U r..YCLE (I^,qK 2)
_ .....DUA[,.SPOF}I_,'[nW'FAN P/P; L._jD-FnRWA_D--CODNTERRnTATIhG-BnOSTER

NOTE - wP.C, -- PRINIf}I.IT VA[IIE * ,qq_
-----hUtE--;-rOR-IRFS-C-Y-CCE, LPT hPW-_---_l_R--_-KFFh*--_A-N--_P_I

,

C_SF 9_oo Io,oo li'on '-
--C KS_ q.oo--fo ;do 11;oo

"--'-I_--CF 0.0t_4 0,0_60.n_t_3_
H_8,.,CF 51_,0 1327,o 13o7,7

PP8-CF 6,3X03 _0,_017 21.;I172

--P'? AP 0C----f-._'_32---i._-O'fg----f_'_.58
AE2RCF 333t),q 3250.7 37¢_;, 9

4.M28"CF 0o O, ._. • .
VpB-CF q.5_,3 820, .R 8¢;A og

P8-CF 5 _3 lq,7n6 20"_0

----F8-_-CT 1,e_,u FT3-_-C---T.37_o
M8-£F 0, 0, O_

AFB-CF aa_,7 557,a 5a_,_

,'--_-F'B_CF" 0, 0, _0_

--_-9,.C F 13_q,5 12.58,7 13.nI,_

CVg,,,CF O.qqLItl 0.q970 O,OQ70
C-_P-9C_" o, o, 0.
V2q-CF °.Sa, _ 8_0,8 P_B,_

"_. cF-ff,;c-:1.oooo T,oooo 1.00oo
FGD-CF 152_7,5 33_.83,2 37317,g

CFGDCF I.OoO0 I,00o0 I,noD0

•_FG-G ;,-CF .0, 0, ."0_
FN-CF 0, 0, 0,

¢---_:c-cc_o. o, o-.:-

D/F-PC !1,6 0,. 0,6

----C D o, 1g.3----o_i-__-3--_-.*_-____3
• FDI _07,6 0, 17A,_

"-'--_rF¢--f_,0-o-6.bb--F/,o-_0-oo t,o,00oo
SFNG 1,0O00 1,0000 !.nn00

° .

I

wc3/2c o.o÷so o.o7_ o:_,_s_
"----_C-_-72C o,0_,I_ o,0oI_ o;0_-i_

f'CAHS_ 0,7qhO 0,7500

FCHqSI 1,0O00 |,0000

FCHS52 .......0.2770 0.2770

O_TsOo
I_00o0
0._770

820



___NASA-USTEDiFCI7U CYCLF (T_$K 2}

H(ITE " _PC* = PPTNTtIUT VA I IIF * toqS

NOTE - FI)R IHIS CYCLE, LPT RPH : GEAR RATIO * FAN r_PH

. x..... CaSE

AEPSP 3g5P,a 3q52,Q 3_qp, a

AE2S 3952,a 3qSP,_ 3qS_,a
AE26 503n,I 5030,1 5n_n,1

AE27 _65_,7 _,? _.5,_ ...........
AE2_ 28q,7 2k5,7 2_K,7
AF3 _0.3 o_,3 nn,3
A_S! 1_7_6 I_7,86 I_7_6

___[s_ ......
AE58

--AE59

PcNFP_

ETAFHB

PCN) RH

SFF tCr_

831.5 631,5 8_1,5
51o7,2 51q7.,2 51_7,2

0,7z117 O,8a7a 0,_2

7_s_ _._0 _a_
1,Oylq 2,P105 ?.I_2P

0,OOd0 O,qqO7 0_o_9_

0,8_9G O,_SOa 0_3
o,qq2_ O,qqq7 O,_Q@q

CFFHB I06.212 tPn,531 11o'_31

--S-C-FrR O,qn73 1,0000 l.nnO0
ETAC_B O,_A7_ 0,8621 O.p_30

•--T_SE_F_CR O,qqqq 1,0011 l,onll

_T_H
XNORa_

$TFFR

$ETATR

O,07Ph80,n73no 0,075-_

O,qOqq 1,000_ l.nnoO

o.s__o o._-o---o_o
o,_o_ I,oooo 1.nnOo

DHOS_ n.'O_3S 0,06?60 n,n_Sl

_FF21_B 125.34 12S,P2 12q_2_

.. S_T_ o,_oTs---TTOOoo.....t_OO-
ETA2MR O,OQSO o,qllq 0.o116

C
_SI! 0 0 0
NST2 0 0 0

NS]3 0 0 .0

NSI_ 0 0 0

N315 0 0
ICASE 10 II I_

821
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8.3.2 Fan Desig_q

P/P Tip 1.55

UT/_ 2 ft/sec 1300

4323

rH/r T Inlet .35

DT, inch 91.13

_Tip .880

N F RPM 3095

P/P Hub 1.30

_Hub .830

Composite unshrouded blades N B = _

Vane Frame with integrated struts/OGV NV = _O

The tip speed is selected as the lowest speed possible

for at least 20% stall margin. Fan efficiency is estimated

as a function of the design details.
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(

8.3.3 Booster (Low Pressure Compressor) Aero Desiqn

The booster stages are designed to supply the

difference between the fan hub pressure ratio Of 1.30:1,

{he core compressor pressure ratio of ].4:1 and the overall

desired pressure ratio of 38:1, matching the baseline

turbofan. Thus the required P/P is

P/p booster = 38.115 = 2.115
1.30 x 14.0 x .99

The boosters are directly driven at high speed from

the low pressure turbine. The turbine design will be

discussed separately, but the turbine RPM selection and

the booster design represent a compromise. The turbine RPM

chosen was 8030 at the match point. Two booster stages

were selected on a flowpath placing the first booster

rotor tip at a diameter of 37.6".

823



Booster Data

D T IR, in, 37.6

UT/_2_ ft/sec 1330

rH/r T inlet .74

UH_(O24 984

From correlation of pressure ratio capability @

• N S 2

UH/'_24 984

P/P 2.12

Required P/p_2.11 - hence flovrpath OK,

Efficiency estimated using P/P, UT/824 ' No stages, rH/rT,

vat. stators and booster location _.%% including 83.0_for

the fan hub alone.

i

J

0 •
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8.3.4 LP Turbine

The geared three stage turbine detail design completed

in Task I and described in section 4.5 was used as a basis

for the necessary turbine design data such as efficiency,

cooling flow levels and dimensional data for weight, cost

and maintenance estimates.

The flogrpath is shown on the engine layout in this

section, compatible with the 7-U geared fan. Key design

parameters are:

No. Stages

N

Zih, BTU/Ib

Dp, in

Row Width, in. No.

IV 1.44 46

IB 1.33 88

2V 1.60 83

2B 1.42 82

3V 1.80 68

3B 1.56 64

3

8030 RPM

209.9

50.53

.765

Blade/Vane

Cool. W/W2c%

.69

.63

.40

i

Total

Shroud/Lkg.

.50

2.23
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8.3.5 Maintenance Calculation

The procedure consisted of establishing the

replacement cost/initial cost = parts index for every

part and the price for every part. The parts index based

on replacement experience for similar parts in the CF6-6

engine, adjusted for differences in design. The cost

system whi6h follows then computes the maintenance S/flight

hour in the design size and mission size for both the

transcon and intercontinental missions. The results are

adjusted by 1.25 to allow for the actual in service life of

approximately 45,000 hrs. vs. the design life of 36,000

on which the parts index is based.
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I
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I
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• "ri's .> !-:\'3_5 ......
' : _l*"2 '.",\ ":'E S ......

I!PC DI "'"
'_'._C "' <r"c--
P,; "W 5HI"

(';7-!. l '._:TM 5YS'i- F!::-
.L_{" .<.._.'_ \ :,, :-_

.......
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l_.b:'f ':_'1" _Ter'---
'''<" i':TA'::- ....
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I
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.2, IC'G
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9. l':O
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C. 2:.5'_
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' o,.. <.'""_7'_
C. 1¢,9

P. CCO-
'O.
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"O.

O.
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#

• i 4 •

_rAI>IT':":A'" "" ' " ' " CT>l.C.: C"lST C:,,[._,bI,..\r[

i_ I SS I n.,'/ SIZ5 ':

r)Q'<I(£?!ATI_:"."FI2 ''_'"q' "" III•, _ ,. .... . :.j_.)_:- ..k,

_:?:u I':t.a, 3 TYP __{""fh A',! SCFF!
• L, I

I

]

FATI ROT 3LAr;Fs _" 4

r,,l i,'qT n I.._ -
FA'_ t:':?A'{_',ST,'\-- i

I
]-%'r'-5"]0S ROT L,LA..<S :

[_0"]5 !-?r?T [;ISC--]
" ...nO'iS .S__,"C/.V,'\_!ES i

}

!-O_]:S "T^ ", -a.,._T v.:_Sh- :
HP'f E:LA}ES ..... :
,:Pr VA[ 1.;£s........ ;

IIPT D["nb" :'
!T_T CASE- .;

{ I( • "'-* r_,C'J ..u U,_ t "1..- .....

:_PC E [...\7J--.5 .....

HPC V.'\ _E:.S
",1, v, DISC i
tape CASI_'C ......
OEA'¢ S:'.,'"r-
C-'_'-d_ [.U3F 2 I

.... ',,., oY._l t-,.,-
l..p7 STA'f VAT_r{S-

,,._. PT SFAT CAS!..'--
_PT I-h3T 3I..A:..:!-.'S-

[.PT F;GT 91 _ "
Ti.II¢i2 FRA"L:,,,......
C ?AA '_ I c',

i

D_ mmn_ _ t

I
i

TOTA'L---.- -;
8 ,

• •

.." .-. c',,, [!AKds vi ,J:< 3Po,"..,:. : 700 I I.[!S

f

L'.:ATC:ST csr CST
}/t:t, ',?R /FI., _{2 /FI. ,?R
t 0.27 0.16 0.53

I

i
!
I

}
I

• I

TOTAL

I
]

COST PFP. FI.IOttT ;;OUR,S _" _

a }.;.f -"  z,3#

- ,,;, ,,1J,-,.,r, ' .-

I

i 0.02

n 15

0.02
,_.01
0.05
O.Cl

2 • 62
4.27

0.15
2 .O,',
0 •45
0.05
0.I0
O.C_

O.

O.

0.14
O.ln
0._

0.03

0.05
O.K4

0 .Sn
O.
o.
o.
o.

0.01
0.0-7

• 0.01
O. O0

0.02
O. O0

I .12
1 .83
O. 14
0.07
0. :79
0.1o
0.02
0.04
0.02

O.

Oe

0.0'_
0.04

- 0.14
O.Ol
0.02
0.28
0.22
O.
O.
O.
O.

0.03
0.22
O. 04
0.01
0.05

c,.Ol
3.74

6.10
0.43
.0.22
2.92 ,
0.54

0.07
0.14

0.05
O.

O.

0.20
o, t4
O.Z7 ,_
0.05

0 •(:7
0.94
0.72

O.

O.

O,

2.52

i

i

5.37 17.90

i

/

©
J
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J

[.:NGI!IEDESIGI:tATIUIt:MFi2
.,r _0. OF EI,iGINES: .

s" !

MAINTEiiA_ICE COST CALCULATIUN PAGE I"

DESIGN SIZE _,_ /;Ae ,, ' ',
. . . , ,. ,: ". .-.

TYpEII;#I'i='_CON .___UEAil. RA_IGE-* 2000 I,IILES
. • ,

I

"}

FAN ROT BLADES-:
j;A(I ROT DISC---!
FA,_ FEAP;E&S/AT-:
BGOS RUT BLADES::
BOL)S ROT DISC--
BOuS STAT VAAES
BDuS STAT.CASE-
iiP'/ BLADES ....
liPT •VANES

HP£ DISC ......

IIPT CASE
CO.,',BUSTDR .....

HPC BLADES .....

HPC VANES

HPC DISC .......
iiPC CAS I,qG....

(JEAR SET ......

G;-AR LUBE &
CCdL! NG SYSTEM-

LPY STAT VA}iES-

ROT BLADES-,
I.PT ROT DISC'--

I
£UvB FRA_4E .... _
C. _t,, ISC- ----------_

i

4

\-
# _ _.

PART
INDEX
1.380
0.1 O0
O. 200
0. 400
0.050
O. 200
0.050

4. 000
6.100
0.600
0.400-
2. 000
3. I00

"0;300
0.150
O. 100
0.300

i.o. 5oo
0.25O

:0.200
: 0.500
O. 050
0.1 O0
0.300
2,000

I0.
to.
!0.
'0. i

TOTAL ....

TOiAL COST PER FI_IOHT HOUR, $

r

\

-% ,

o. • .

.o ".

* I

.°

:_ 901972
#

2e .38

•

o.

t .

:?

.I_31

,¢

,,.. , . J ... _.. "__..:_.._ '...... ;.......... ..: .......

,',,!
ORI_NAL PA'2£ IS
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¢

# °

F.tlGINE DLiSIU!IA'I II311 t L{FI2
1. OF "'r,,olNKS: 4

• x,...., I "

j ',
"4 • :

i

i

FAN ROT BLADES-
FAil JiG/ DISC ....

FAN FRAY, E&STA--
BOoS ktYl" BLADES
iK]OS liUT DISC--

bO¼S S'EAI'_VAiIES
bOoS S I'AT CASE-

HPi _I.ADKS .....

itPT V,v_r.: S
ttPT OI SC-
ilPT CASE
CO:tBOS fO;_ ......

iIPC BLADES .....

HPC V/dIES
ilPC DI SC .......
iIPL:CASI:_G .....

Ot:A _ Si'T .... ---
GEAR LUBE &
COol, lkU SYSTEtt-
I Pl" SlAT VA/IFS-'

(k..,..PTSlAT CASH--
_"l.P'f t_O'i" J,LADES-

l.Pi Rt]E DISC---

"fUi_3 l-_A,'.'d_-----
C,4,:\&,.t Io,.,,- ------
.-/,"'-':_.'=--_ C'£- r L- _-

• •

_IAIN'I'Et_Ai_Ct- COST CALCULATI ON

• t,IISSIDN SIZE

I'YPE. It_TEIICO_ TURBuFAN

2
,m,

o

• PAGE

• ..,I

i| _RANGE t 2000 r,,I I.ES

MAT CST LAB CST TOT CST

/FL HR
O. 35

• 0.02
0.15

"0.02
: O. Ol
: O. 05

•t 0.01

i 2.55
.: 4.15

O. 33
' 0.15

r. 99

O. 44
O. 05
O. 09
O. O5

i °.
o

O.
0.14
0.10
0,32

0.03

O, 05
0.64
0.49
O,

' " O.

O,

"_ 00"

/F [ rii-i
0.16
0,01
O. 06
0.01

" 0,00
0.02 "
O. O0
I .q9
1.78
0.14
0.06
0.85
0.19
0.02
0.04

0.02

O,

O.
0.06
0.04
0.14
0.01
0.02
0.2 7
0.21

O. ;
O.
O. •

O.

5.23

°.

IF L HR

0.52
O. O3
0.21
O. 03

0.01
0.07

0.01
3.64
5.93

0.46
0,21
2.8:4
0.62
Oo 07
0ol3
O. Oa
O.

r

O.
0.19
0.14
0.46
0.05

O. 07
0.92
O. 70

.9 0 -,

O,
O.

s " Go

TOTAL 12.18 17.41

.................. _TOTAL COST PEI_ FLIGHT iiOUR,S ;

Ii

I

• o

i

7..1,7G"

i

• •, r %'• .

./

832 ;

o

°-

• •r_ .

•.o

I.

* °
. ,..." .

t _ t

• o .
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• I
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°
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El,_,Ia_: t3L:SI,.,.l_llG!::7U

, ?'

,.,t,l N'fE_A,_._: CDST C,,LCULAI'ItA/

• (_.
, "" DES!.3H SIZk 7/._'

TYPE'ThAi_SCOf, _ TURbOFAI_

I

FA_4 _4[Y,1"BLADES- .
FA,_ iiL!i" DISC---

. F)',. " "" '.......r _ n,.,r:ab] A I-

BOOS huT 6LADES
BDuS kOT' DISC--
BOOS SfAT VANES
•BOOS STAr CASk-
.HPT B[.ADdS.

• HPI" VANES "
H P.L DISC

•HPT CASE
CO,'.',3uSrO.4
HPC BLAI;dS .....

HPC VAriES
HPC DI SC
HPC CASI'_L,'- ....

GLJAR SET
GEAR LOBE 6
COuLI ;+d 5YSTE;,{-
LP£ STAT VANES-

( _LPI STAT CASE--
LPT _¢{Ji" dlJ:,DES-
LPT ROf DISC---
"i'U _ B _ _A_,!E ......
C_k&/,i! SC .......

--_ Z.-_- ,.....

SHOP PART
-JCBSY__ " INDEX

I.lOO
O. i00
O. 200
i .203
0.050
0.200
0.050

4.000
6..I O0
o.o,o,o
0.400
2,000
3.100
O. 300

0.150
O. I00

0.300

"" ° "0

0

TOTAL

TOTAL COST PER FLIGHT HUUR,s
I

I •.

;4^ TE, I AL

. , .COS] TM

i

O. 500
0.250
O. 200
O. 700
O. 100
O. i00
0.303
2.003
0.100
O,
O.
O.

#

" 803394

2/3.34 _/.'_I';, •_i /oe "

• I

,°

833

• _ t, •'- e

LAL_O;¢
CAST ,

700 ;',il l.i'S .

7

..

-,

.°

t

I
I

.-

. ° .

i - "

".

• .x

I
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ii

)I Nil. DI-

3__

%.

I

t

_ --_-- i

M/_IN'fE.:4AIJCECOST CM.CULATIui,'

MISSION SIZ[- '

.,IuNAi !ON. 7U

Ehdl NES" 3 fYPE ."Ti_ANSCOH "fU_icib}:Aii

: . SltOP CusE_- _.A'J'Eit ! AL L,_t,UR'"' "
s._c&LE AC_.Z_---.--.C.USZ_..

FAN HOT 5LADES-
FAa itOf DISC---

FAN FhAtLF&STA--
BObS hJT BLADL:S
BJUS hut DISC--

BDuS STAf&VANES

• BuuS SEAl CASF-

lIFE _ kAl)r S....
HPf VA,_i/S
HP J; D I SC ........
FIPT CASE

CLIt:,BUS/Lhi

tiPc b I_ADE,g .....
}IPC V.&(_ES

ilPC DI SC .......
iIPC'C A51 :iLl .....
GEAR S_E-

GEAR l.USd &
CUuk!c,J SYST5)4- i
LPT S'EAT V,u,_:S-, 1

Lpf S'fAT C,,S,_"::-- ;1
LPT ROT DI+ADI_S-,
LPT i:bj" hi'"
]'U_B F i/A,'.Ik .....

C(,a.,,.i I "'".......
L_ .FZ..,,-z t

PEh

TOTAL-

TOTAL CO'ST

.°

""

,%

[
7

.

#

um

_m

-_--,--J--'-----'T"_

m

FLIGHI" HOUR, S 18.33
#

t"

i

,

-j

.] _ ./, i

> a2., I
.°

¢ ..

" p . .

- . •

"+ /i

- lb

- " 834 ""

-.

# . .

• . •- .

iiA}IGE z

I

;,',Af CST

IFL ltH
0.35
O. 03

• 0.17
,. 0.07

.0.01
O. 05

0.01
2.50
4.0B

0.32
0.15
!. 95

O. 43
0.o5
O. OP

O. 05

0.25

• O. 0..3

0.10
, 0.07

0.31

• 0.04
0.04
O. 65
0.94
0.01
O.

l

O.

O.

12.83

+

• " • •i

i - o

•2

.: PAGE 2

t_

700 4I LES
• • %

#

LAB CSE TOT CST
/FL Hil

0.15
0.0 I
0. n I
0.03

O. O0
0.02

O. O0
I .07
I .'/5
0.14
0.06

0.84

O.IB

O.n2
0.04

0.02

0, II

IrL H'#,
0.50 .-

O. 04 _ !
0.25

0.10
0.01
O. 07

0.01 .....

3.5_

5.83 +
0.46

0.21
2.79

0.61.
0.07

.0. 13
0.0£

0.3d]

0.12/

0.14

, 0.10

0.44
O. 06
O. O0

0.95

I .34
O. 02
O,

O,

O.

18.33 -

0.04
O.n4
0.03

0.13

0.02
0.02
0,29

O.zO
0.01
O.
O.
O.

5;50

.°

t

+

%

l
4
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I,!AI NfE/,A_;CE CUST CAI.CUI.ATIb!I - ..

.... DESIGN SIZe . . . ¢/'0"

EiloI lib DES[ O:iA'I I (21; : "70

iU. U}- EilUI_i/_5: 4
- -t

i ,

a• .. SiiOP
' • COST

FA_I Rbf "" .... -e'.._L_. lit2 o-

FA_,_ _Ol" DIs_C --_
FAI_ r:_:A_,;E6 SYA'f-
BuDS t_u'l" i.LAbES

- t_50S RdT DIS'3--j
gL)tJ..q SfAT vA, l[:S
[IUJS SfAf CA,SF- -
i-iPf b I_;_[.'.c2S .....
t ir)£ VA;_ES

dPT DISC
tiPl CASu
CO'.E}OS ft3!i

tiPC bI.ADES ......
iiPC Vi,,/ES
l'{PC t)I :;C
t-IPC C.L51 ,,_G.....

GEAR SEq
_L" rG_:Ad LOBE u-

Cuu!.ll,J SYSTEy-
LPi SfAf VAUES-

__..I.l_'f STAY C_,Si_:--
LPT l(D'f _JLA[)ff.S-

LPT _¢(il" DISC---
TO_B k RA.tiE .....

Ca k&'4 ] SO,- --p=- ....

-_ ;,5:-i? T.);7.,

* m

:fYPE: Ii_TERco;1 "[Uid'orAN kA,foE:

PAr,?./ /,{ATF tl I/,f.
INDE× .t COST
I. 109 I ....
0. I09,
-0.2 00,

I •200. !
0.O50
O, 200
0.050
4. 000

/
6.100
0.o00

-0.40.3
2. O00
3.100
0,30'3
0.150
O. I'00
0.300

O. 500
0.250

0.200
O. 700

O. i03
O. I00
O. 300
2.000

0,. i O0 *
O.
O.
O.

J

' "TDfAL " ,, . 9673013
- =

TOIAL COST PER FLIOitT i-iOdii s 24.00

• . .p

• I

7"

. -. • .

- !

I

) l, Zx" " Jo_-

,

i

4 I

i

835.

LABO,;:

__C OSl',_ _

; . ..'-

PAGE I

2000 :;_I LES

• , : •

.1

• .

% , .

• .•. • . .'

1

i

• °

!

!
I.

i
|

i

J

t
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• w.
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¢, • .

E,_dINE I'A-SIG:UJi I UI; : _U

( N3, toe EI_Ulht:S. 4 '

. I

StlDP r.,,... ,"-
oC.Al.< FACT

}iDT i3LAD_b-" ........

dCf DISC---
FVALIi-45FA--

m,

• ,FAn
"_A,_
FAIl
BUdS EuT FL;,DES

•BOOS F,uT DISC--
B,3uS STA]--,v A._ES
BOoS STAT CASi:-
HP f bLADES .....

HPi VAi_ES

ttPf DI _C .......
lip J CASE
CO;.;BOS FLJ,_
tlPC V.LAD.2S

.HPC Vk,_ES
iiPC tJI SC .......

"tiPC CAS I,IG .....

G-ZA;i SE'f ......
G---'A_tLc.q:: r,
CouLII,d S Y.STt-I:-
I, PT 5fAT VA3rS-
LPT S'fAT CASE--

M--LPT icOl" L_LADL:S-
Lt!i t_bj' blbC ....

• l'di¢t_ i-_,-..L= .....

blAIN ft;l,A<,C_: COST C^l.(.d[.,, t 1L,_!

,'41SSIC_, SIZ:

TYPE s I NT:ERCON

A:/:'i'EJiI,_k LAb.Oi_

CGS"I" .. CLJS.r,

TOTAL
I ....... . -.-

/'ufAL CdST Pdli FI[.IO,_I'f hrJd,_;S

: -
-

I . "

• . . . •

-.. ,, ".

• _;;'.2
-•.' , . %

. ,. _ .:-
i

e

. .

• • •, . . .

". * "•

• s
c

%

]
17.83 :

'.

• . |

°.•
°

t

°

,1,
. .

I°

i

"lUi}buFAti . I_ANGE:

-'2.Z.,Zg,

• I

°

• 2 .

-• o %

. 836 '"

PAC;_ 2

• "

2000 ;.iI LES

,,,AI CSY LAB
"/tiL HR /PL Hd

,0.34 O. 15
O. 03 C. ni
O. 17 0.07
0.07 0. '%3
0.01 0.00
0.05 o. n2
0.01 0.o0
2.43 i. 04
3,97 I. 70
0.31 0.13
O. 14 O,n6

I .9.O O,81
0.42 , O; 18
O. 05 O. 02
O. o_ O. 04
0.05 0.02
0.25 O. Ii

•. 0. Od
I- 0.o9
_ ,0.07
', O. 30
:" O. 04

O. 04 .
.0.67

0.91 .
:/o.ol

. 0.

O.
.0,

12.4B

.t

# " .

.• - . ° .

• I " .

¢ .* #

csY _r3'E c sr

"O.n3
O. n4
O.n3

0.13
0.02
0.n2
0.29
0.39
0.01
O.
O.

5 .B5

/rL H:i
0.49
O. Oa

: o. 24
-' 0.10

0.01
0.06
0.01
3.48
5.6 1
O. 44
O. 20
2. "/I

.

O.6".1

O. 01
0.13
O. 07
0.35

0.12
0.13

• O. 09
O. 43
O. 06

O. 06

O. 95
I .30
O, 02

• •. 0,

O.
" O,

17.53

: . " a

.-

• °

/

I

i



8.3.6

i

Installation Aero

Drag calculations for the geared fans were done by

11

defining the nacelle dimens!QDS sufficient to estimate

surface areas and then using the DRAG program which

treats the nacelle as an equivalent solid body of revolution.

The baseline nacelle (MFI2) was recalculated using this

method and checked the more detailed calculation reported

in STEDLEC Task III within a .1%.

The preparation of input data, the drag calculations

and the correlation of pylon drag with engine airflow

follow. The results for the variable boost (8-U) engine

are covered at the same time.
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Dra_o Calculation Procedure - Task II

i. Estimate surface area by simple geometry for MFI2,

7-U, 8-U.

2. Run drag for each.

3. Establish ratio by MFI2 drag estimated in detail.

MFI2

W2*, ib/sec 1253

Fan DT, in 78.8

DMax, in 89.7

DH2/DMa x .88

Nac. Length, in 227.0

Inlet Length, in53.7

Engine " , in 103.9

Exhaust " in 69 4
l

A 8 , in 2 3005

A0, in 2 3524
%

7U 8U

1719 1934

91.13 96.66

105.1 111.4

.88 .88

248.0 265.2

62.9 66.7

101.6 ii0.0

83.5 88.5

3850 4320

4835 5440

DNa c, ibs 359

Dpres s, Ibs 113

DFriction ' ibs 248

Dpylon, ibs 72

DTotal, Ibs 431

481 537.3

169 187.8

313 349.5

85 91

566 629

838



Installation Surface Areas & Dimensions

D T, in

DHL, in

DMax, in

Linle t , in

Ainle t , in 2

Length, in

DMax, in

Length, in

AEng ' in 2

MFI2 7-U _-u 8-u

Scaled

78.8 91.13 96.66

78.94 92.49 98.0

89.7 105.1 111.4

53.7 62.9 66.7

14228 19522 21939

248.0 264.0

89.7 105.1 111.4

103.9 101.6 ii0.0

29279 33706 38497

91.13

105.1

62.9

248.9

105.0

103.7

DMax, in

D 8 , in

LExh, in

2
AExh, in

89.7 105.1 111.4

61.9 70.03 74.2

69.4 83.5 87.5

16526 22970 25509

82.5

2
ATotal, in 60025 76198 85946

Drag, ibs 360.9 481.2 537.8 478.0
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TASK II CDR

k_

\

8.4 Geared Fan Detail Design

Figure 8.4.1 illustrates the geared turbofan layout. A

large 1.55 P/P composite fan is_idriven at 1300 fps tip speed

by a high speed 3 stage LPT through a 2.63:1 gear ratio star

epicyclic gear. The two stage aft booster stages are directly

driven at the high LPT rpm to accomplish the needed core

supercharging.

The same core engine as in the baseline was used and is

the same as that in the STEDLEC Task III study previously

reported.

Thematerial technology exercised in the geared engine was

essentially the same as in the baseline direct drive. The

gear design was based on the advanced gear technology described

earlier. For the most compact engine, the gear box was mounted

forward of the fan rotor and the entire box-rotor assembly

was suspended by a tail shaft mounted from the composite frame.

Weights were estimated from similar engine components

and through some point designs on components that were different.

One such component was the high speed booster rotor.

A Boron Aluminum booster blade design was done as well

as a titanium blade design. Although the titanium blade design

was retained due to the uncertainty of the B/A1 technology,

there is some weight benefit to be gained through the use of

B/A1. Not enough is known of the cost implications however, to

know if a net advantage results in using B/A1. Table 8.4.1

shows the two comparative weights for the ist booster stage of

the 7U while Figure 8.4.2 is a drawing of both disk designs.
845



Table 8.4.2 is a stress analysis run of the titanium blade

design. Stress levels were set according to accepted General

Electric design practices.

The fan rotor and stator weight designs were scaled

from previous designs after taking into account differences

in speed and size. Table 8.4.3 is a list of the component

weights for the 7U and the baseline (Task III STEDLEC) comparison

engine. These weights are in the design size with the core

corrected flow at 68.4#/sec.

Maintenance factors for the base engine were developed

from prior commercial engine experiences with modifications

due to differing operating conditions and material properties.

Table 8.4.4 is a complete listing of replacement f@cto_s over a

36,000 hour engine life for both direct and geared designs.

The gear expected maintenance factors were developed by doing

a worst-best case analysis and then choosing a likely case to

develop the maintenance factors. A typical component cost

estimate was used to develop the overail replacement factor

of .3 for the gear set. Table 8.4.5 is a listing of the

process and the results.

The gear design for the 7U engine was based on the

advanced gear technology discussed earlier in the CDR. The

next 3 pages are the sizing work to design a 29,000 HP design-

size gear set. Figure 8.4.3 is a cut-away front view cross

section of the gear set used in 7U and the variable boost

version 8U.

"-" 846



;2 ?ovo

T

• #"

.--._. _.7o D_.j, '.....,......................
/tp _ S?-,-_ ?.-, .......or---_,,, _.; ....... .... -_..:......._.- . ....

r : _m ' •

......................................... " ........ "_..r ....... ' .......... "
,,,* .-

- " " -'- " . ° ". 11"

" .... _..'.'_ ....... o-. .......... ................ ." .... . ............

. -_ -"

.... :-7 ......... ; ..... : ......... _-_": "" " ."-" ":...... "_-.''_ -'--".-- ": .._'"........

_o :,_.t.. t_ i--_.-- oo



.

1

_..- . ._.: ..................... 84B

• , . °



,, /o6.8 --" /D

\

.k

J *. •

-.

I

• o ......

= ,s,_/z _.....¢__.

• .... • ii .... . . "-.r ........................................ * ......

m

• r

........................................... - .... ................ _'__ -._.................. : : .... =_......... : ................



i+,.+o

I_ (2,ii

"_ m i
,+ LtA;

tu i c_

I.--

I

,..'L)

LLI

,...-.I

t.LI

I+-"

°

o
N

-_ t+_
0 I--

0 I.tJ

l*J _+,I

I.L!

+.,...i C',2

L,IJ

°°

L

Z

0

:Z)

It]

I!1

°

0-+ •

. •
-.

°o

85O



f
r
%

(

k..,

©

",,..i

_7_ t ] ". l"

| _

U
i

._'7. 'Tq

'4m

.I

_,o_C

_, l_

!

\



i
:1

:i

r

f

.i

L. r( "

il

,,''_. ; I ..... _-:-,-:-_-'--'---1-; ..... ,_: ..... L.______ ., .......... __.., .....;-LX4 .......... :--_-I
--,-_--r] T'_-,-'-_--., _ , - J ._L_-'---;--_-t--i-_-:-L_-'--:-J'.-_--L :;-L_-.'-:LI- '_ _..L-'..',-;-;-Z.._-!-'---_ .... ;-:---I
__,_, "i_ '_L_. : ',; J ....... _ .... 1 ....... :---_-_-- __...... -_ ........... '_._,_,__..L-_.t.:..l_-._--_.._-.___J

-_-:-',;7-=-: ...."7 ....il DCOST---,_ = --1 s_- ._ S-r_*,.... Pls_ ..... -:'----,-+-,_._,--'------I
__ L _ ' -i--

, I_t_L, ' l_ _ " j :__ ;-:. _-._ -'----1_ ..u_._.. ' i--- : :--:--,--_'-----_---l-t--;_-r-_-'----t-: ' " -l-'---'----i
-]"._..__j :-. .--:'_-, ,_'_..] 4-R_'_L t 4-__t-;-._.LLI---:-Z-L-I-!--L.L_.;-;-;-.;-L--,I ' '.I-;--.-:.-:_',.---_'--_-L; -HI--_-----Z.-:-!
:_.'-F._/': .---"_"_--':-r'T'[ : ' " 1 ' - '_L_ : '.LI_L_t_.__.._: :.J_L.L: ,-LLL_'____!..--:_'...L ' ' '._;-__" ..... :-_ ' ;-L-L!

_" . __---L4 ' ' " ' , ---_ t - - _ ' - ' '- ' t --_-I -_ _ ....... _ .
' " t , " , , ' • + I " , | " i ' ! • I ' t ' ' , • - ' " " , ", , _t ...'___L "-I ._.'___._L---. __ .... -._---.-4-_ ..... ,--- _-_L-' .... l---_-l----t-' -._, ...... 1 .... -_l_ - " __

_._' __'_'.._ ____. ..... ,;._-_ ' --1--t---_--_l ---i-,- _'-1.-,---I,---- _.-_-t--t--r--_+-'--:-- --,--;_- --F--"_'--'--'r_-- t- .......... ,'--''--: .........• . _t _ , --1 , , ,,,,r-m-_,_-I_.__:_. L:--__'2--___._L_L_;___.L__--,:]_rT-T--,_jL___,.___=L_____;..__._]
,. L.L-- l_i __,_.: --i- ------:--,_ _--_---" _---'t" -:'-'_ t ,,--,--_-+---v--1--'-'r-'-'r -: .... _ I.--t-_--,- .,p.--i--t--,-- 4- _ --._---i. ---i,.--.--I.-- T ..... 't ": ...... 1

• .1 ; , ' ! I ! I " ' _ ; , . , , , .-- . . i I • I ; ' I ; : ' ', ' ' ' ' " , ' l" .... ' l

• I_- ...... J ___:___,__'__ ...... I..-,_---_- .... _7,---_ .... l........ l ..... F; ..... -...... _-_

_j_.Z I--_?_.L__: '_l-: ' ' "-: ..... :_.:_l__, '_'__.._L.__ ._-- --'-4----:-:--L-|--if--' .'--_+ -_ .......... ;......... ;-;-:---;-- -_-- t.- .... "-2'_1

-_-H-:,-'j'-_-'-'_---_gL_ -Hn:_.--:_Tk_-:L::-:-Yt-:--BL_,DL N_,-r. L_,::_./!_L_ -:-:
-_--rJ _#_, r- .... 1---T----r -; ..... .'-i'-"_---T---- ;'T--:- -_,. -t-,"3"-I---T_,,--T-,': -_ .... ;i ..... TG-t" T':-:-. ;-T ._-r--;'--: .-T-:-I

J_L._ _...... 4- .r- ..... .-T---l- ;-u- ;-._'--z-' t _ -_---_-- _--_-b- -4_.'-r-_- _-,- "--t - 1--' _---p_,-'_-'-4 --_.-,-- _-_T - -m--:--:- I

.... ,__ ...... -- .... ,__ .......... __. ........ ;--+.................... .-.___._

__--I _ ..... ; , :: :_ . __/__--_---:--,--_--_----_--\._-/. .. .,_.__!
,-+-_--p;_" ...... |---_.'_-_:'_-=-_ _----r-_ [-.-- i"; .--r-_:-_,-._-'_.-:-t-r _-_;-_'t'_F-_-_._T"-\I/'_:::_-I-_-:--:_ .... r--I
_-_-_-_i.-I----_-- -+-, t" ;---t----I =-----I---- lit--.--"-_-,---_--"l-t-.'-'T: "I'--_---_-I"1" , ;-_l-n'-r.--, I I -- :"W'] .--2-;-'--'--| .... %-'

-" ' • h ' " ..i--)- _:._=i_...__' '---1--- ..... I-D-J. _ ' _--l-'t-'r'----'-"-" ---"f -ii- ............ _ -1' .... _'-_ -_'-_ .'_-,-. _, t , : .. ,-_--:t'1--"-_. _ _T.. : :,,: ', ....--l'I ::Z-L! : • _1
_----'--'--- l-_- ......... { _ ...... l_" • _-;---t-- ......... --t-, T--_ ..... i ...... [ ........ • ---_. -

...... •-__--,---_,--, _ .... t--PP-tlt.-:--_--__--=,--_-,_-:-_. :-t---_-. ! _=--- Ifl--}-b:-, ........ r--;-,
T-_T'--'-___ -' ; t ' -_' ' '_-_' ,'L__.___III _--._J_.:_L_._J--_:_;._'_LI.__: "_L' !i L I ' _-LI/I--.--:F:--".-:-'-.-LU---'.I

.... - --" ...... _,..... "-I---T--:-'-- "_ .... :---". , -_'---- --_ : .... r. "-'.-_: ...... i ..... r':---T-:--:-'T---T-"-Y]

• ! " : " ' , i , . , ' i , i ' : ' " I " - ' ' " , " • • ;I :_ .._-;-----t---4 ........... "- II1 --:---'-........ ,_____--i .... l...... ,- -:---:11 ..... '-: ................. ,

l_li_ I I,,_ z -" :--L-L '-_.--i_'.--- Ill ...... :..;---'-:---;---4 ..... ,+-J+_-_. '-_-__:_,_L; -,-l..'---:-. Ill ...... :..... : .... l..;.-,-.'-.:- l

L--- .... ----_---_ _---'--_-1- %. ---4--_ .... _____._L__=-__:Lz. t-t .......... _-_+.--_
! ' : _ o_.--...4_L -_-- :. --. . ;. -------'--._'--_4-.L' ' '--L F-'---'_--l--, ....... ,._ .. ..... ......,_. -./...... b.:::/I\:: __l........,
•";"_ " . I : ' _ . [: . • " , , , : ' , " i . ' • • ._ .4 i_x_ ' . " - , . I

' ' t ' I : * . ' * + i I • : ' ' l ' It-., ,, .... =1::_l-:t-.,____t ...... I.... t:-:-...............
• , , .,:-t .,, . . .: ' ' '' ' .' " ', ''' ----.l i-1---._ ' : -

i-;-:-L;-L---_q--'-t .... -+---4 L.;_- i- _-L--.l----J ......... ;-q--l-i .... ,---1-_,--=:-,-; ........ ;-:-'-- _ "-. ........ l---.-;--,- -t
i-_-I--.r---,_.--i_-._,--------l-=-r--_-I----- I- .-r-:......... -F--:-_-t-,----i-;-: ..... I..... _.= .-_-"-'" :=-!
L---. . _.... i L-I_L.L'-L_---::-_i--_-;-LI-'--- :, 1-:--'_---:-- :.z---t'--_-'-:-L--:-_;-L-:-I ..... - "-!...... _ .... : :-- -t
J-" ' ±-I .,-:---i-I - -ILL'.-t-'-.:-_ I-L--': '- 1--- --_ ',...... £- -----'--4--'-'---Ll-4_l-'--;=_--- : _ .... :- ,; ....... _...... :-,

: _L .... -_ ' :,', I - L • " " 4 ' .. , :. --. 1..... ,+.--_., .... _-+-.-<-f-,--._.. --.. , .-, ................ :- ........ +,........ _ . ....-:- --
._:_,,_z_:-., ..... t .... --;---+--,'---- ! - ---_-'] , -'] "7 .... r_lqld.\:lT ....... ---2-2,,, 16........... ,. -I
.............. -_-i- " ___,_r_L,___,__-;.;--,---_--..i .: . : ;-_-+--_-.-! ; - .---_-_--------_-- ....... ,

.... i__ -__:-J._ .... -------1-' ,i ..... L_ =_'_A;._:_' -';_;_' '_.t__. " -_.... "---L":.--.--,-L.-''-_-.-;----'v-_-:.- .... J---_--,--!

' i I I " - ; : i , , / t , I ! . " , i , / t i , ' • " i ' , : ; : ' ' I - ' - _ I " , ; i, , . t :/
.... :-- " "-L--' ' ' I---:-- +--_ -t--.- -l- , "1 - , . ._,-.Lrz...!.:_......... .: : :....;._ }__..-.i_'.2T--.::L'-_2:£LT_7_.T_]L-Z_--"_L=.2:'T_:--I-___L_-_2.:Li._:_

_._ _ .- _...... L ................. L___; ............ ------_- ..............

-fir _b_ -'-+-+.... I .... _l-':--+-t-: -= ...... ; -:------t-r. _--r!..|-:"." .--1-:- T-;-i-=--;-'r-. ,-';-_-:-:_--r .- =.... t ..... ---! --:-.-;- t
-11,.I,i" --r,,, ..... t . , i -i • , , t i , / , • , t / . , t'_ . • . ' ..... " , I

--i_, -7--I-- --:--'-]-I "-I -,+'_ _- ['-'-'= --" --]-'_---- "T-----7--" _ -'"_---':' -i -'I_' .... -'l'"_'[_"-w 7[-T -'_ ---'_ -1-:_-;"_-'"- +'I"-i----T'T-I-T -- ! : .... i"-I
.......... t -- -_ ----I-.... --------_-_ --_--.... -----!".......... -'-'T- - - =- --_# _ -- i....... _.......

, , I ' , P ' : I . " . : _ . , • _ . , : i L' ' : , r_,:_ t L_.. , l.;-- -:----_-L_.-i-'--, ...... _---:._
, | , F-- • ,I ,_--_, . . F----..-F_, ,,.I.-T'=" |, . ,1-: ,, _.,, ,, ............. 1

-- _ _,,' .... _-I ...... "_--u-_-'_ _ ----'---r--+_-- _'...... _ ._-_,----ff'"_----I .... _ _'_---_-= ....... _,'_-_, ...... |............... I

.... ___ __J---L -- ------+. _--_ --:--t .... __" ...... • _-'r- .... -I-- --'-r-------i
_+ _L L_+.._,"7".... _,--:..-+ ' ' -L---:-.'- --'-:.-;.-. _+-L ._, --;--i- ;-- ;-_-1 -'--- _-+ 4 _--'--;- L ,_A --- 4----{-4--'-- -: .... 4-.| ..................

• i :, l , i ' / ; ' I, I , ' ; ; , i , I - • ,t ' '; ' ; '. t .I . , 1 l; . ; I L, ' •. i ; , ' ' ' ' , : I

_]..;.: -;' .._L'.--,,-__ i_'._;__..' ,_.._,_l__, : ' , ' ;--if-F-P-r1--'-'----' Fi-q---+---- .u._.__,_,_f__..... ___.... ....... t-t .... ++-i
......... -1.......... 1_ ..... _ ...... _- ..... -4---- +...... ÷ ............ 4

,=_i .... =_-:--L.............. _ ....... 1....... -............... L .... I ....... I........ r--- .............. J
' I , ' t , • | ' ' . ' , t ..... • , ' t . I ' ' J ' I "....... I ......... J , __-.-_ ...... _----_ -_-,-- _-_ .---. ..... .-_ ....... i-_ ............. _-;-I -_- ............
t i ; i- | : i , t ;-'t--T i " • .+ --t _, I,, ,+l" '-i '.;' L'-;-U-'--' .; I l;_;.;_-!._,_;_.-_...LL.Ll_u_i ........ _..... , I

- -;--i-I-," .... 7-=i-'+_--:---I"-:-,-'-I -- '-:-'.-"-q .-_-Ti :'"; FI-," ; " I ,'r', .-I - : • i / ' , , : • " I ' , rr

...........++___+.__.... ....... __..,.....
....... • --, ....... Ii ........................ ;" ...... ,------ ....... r ..... _ -"' ":" ...... ,-I .... F ............. _...... = ......... I

-i -'_- - ._L_:.... _ ---_ i-_--- - -_-.-::-_--,---r-:-:'-;-;---_--:---i-,--'-_--i-':-i-- -'- ;-:-=- -: 1- -": _ ! - -: -'.7 :...... -....... t
," ..... _..... ;- -i -:---_: ..... r ........... :-----.--_- i-:-i-_-_ t-t-F,__-,_I - -,-'r-;-r--r-,-I'_"-i-]"":-r ;.']-F _- -- :-i .... "....

-. . " • " ....... '-'-L----I _-_--" ; .... -_---_--_--:----:-l-'-'---: ..... - ......... *-'r -_'4--r ....... _ ........... :_-: ..........

--I/--'J/Z E -"__-L--_-:_: • ,_ _'--!.__:_:-_ -4 :--_-,-].--;--;.--_ '_--:_:_'_L '_:__'_; :-,-_-44-L-:: _t ..... '-: :..... :-"-|
.... -- ..... /_ _-- T -- _ _ : 4 T _ ' i ; " Ii l : : I "_ r I ' I I " i . I L+ ;..J ' ' ' t:-/2, ..................... l ........ +i...... -1...... 1...... ,..--.-, ........ -,.... ,- ........ . .... , .... i I ..... .,.-.
-v +- ;-_ ....- ..... ',+:.'-"_-..'++-!.-:-:-:+:-T_--'_r-;-r,_.-I-r-t+,-r-:-_1_'+-'"l-:-; -. .-r-E-:--:-, ,. ,+ i, : +,_]/?]7_ ¢_+.-_.
--,-; ......... ,-- t .... ''_--"f''t'r;------_--;--'--;------'+:--+--';--''--'''--i--'--r--"i--+rl.... r+:"rl--'--'''--_'l--+'''+''--''[':''!' ":''r+' ........ "--A-- "



... re ;dy

-... _RUN

"'t-

: .'._ .
-", T1:6-4 #AT,.RIAL DATA RANGE IS

," ; % . • . ". °. , ,.I '• • k • -,

• . . .- . . ,. • - . • . . ." . _.;.
- 41 • " " "" 4" I " ' • ' " ) " ' • • •

; '•" • ' "J " -b" -" # °" " ' " ' ""

. .._. .. .- . .'{." .,. ,. ,: • . : '._:::
• ..., . . I ,. :i .....-:" " .. ' " '. ' (, ...-.. .. " - ,. , " • -

-. /- ; -, '• ,. ,:, : . - . ,. ,
_ .... . • :..• .. . .... . .. i .

(, L'IST 770-860 ' - ,," "_ " ' .:'.." "_ ":.: .... "..
• ' -" "::;": "'-"" : _,,OO%"I'E,I_,

i"_"/70 DATA I08900, .56 -- - - " '.'. :
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• : . .% ": ?
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-.

• ° • • . • .

" MASS DE._I., = ,14i #/IN"3

NOTCHSE:;. = .56 , . -
• POISSON'S = .312 -

ULT.STR = 108900 #/IN"2
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8.5 Installation Design

The installation design parallels that of the baseline

installation in all respects, aerodynamically, acoustically,

materials and construction. This permits a direct comparison

of component by component in both weight and price as

indicated in the following table.
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@
Engine Evaluation

Summary of input data for LECMB, the evaluation system

and the pertinent evaluation cases follow.
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_L& TO _u

.CL_c_

_q&q

q Io_)_

,&qq

-q-LL

fl_q_

,_'&q't

n-iol

fbT,_Lb i(A_

q?..

LE_ 1#1-

_4C Dr

Yv,_'/

3:2.q,?

_DVD

q o,_,I

__z,:_ 4-, &__
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I Gear Maintenance Sensitivity 7-U

This effect was simple enough so that only a hand

calculation was made to estimate the effect.

Transcon Mission

Base Sensitivity
ACase Case

Gear Maint. $/FH .48 1.05 +.57

Total Maint.j _k_l 22.91 23.48

Afrom Baseline _][ll +.53 i.i0 i
J

_DOC ) _- -.59 -.46 +.13

AROI _ -.07 -.09 -.021
#

f

(

862
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-0.0722

%

?

63 •

29.9

%

-402 ; 4
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The Noise section covers analyses performed for all Task I

engine turbofans as well as Task II turbofans.

k_.
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(i
8.7 NOISE

8.7.1 GE_L

Noise estimates were made for two geared fan configurations, 3U

and 71J. The two engine configurations were identical, for noise cal-

calculation purpo.ses, 9xqept _or _oca_ion of the booster with 3U. , . _,/_
having a-oonvcntiona! de_-i_n.-:;ith aft boosters Both designs were

evaluated for a long duct mixed flow nacelle configuration employed

to reduce Jet noise at takeoff.

The component noise levels, including fan inlet, fan exhaust,

core 2 Jet, booster and turbine, were estimated using seml-empirical

prediction techniques described in the following section.

8.7.2 COMPONENT NOISE PREDICTION TECHNIQUES

8.7.2.1 JET NOISE

The static Jet noise estimates were based on a seml-emplrical

prediction technique derived from scale model test data on & partial

 xerno=le
• _, / /.

8.7.2.2 CORE NOISE

Static core noise levels were estimated using a prediction

technique based on measured engine data. The correlation used for

power level is shown in Figure 8.7.1

8.7.2.3 FAN INLET_ AND FAN EXHAUST NOISE

The fan noise component noise levels, both inlet and exhaust,

were based on measured engine data. Fan inlet radiated noise was

estimated using Figure 8.7.2 which correlates meuximum inlet radiated

PNL with fan tip speed. The normalized level obtained from this corre-

lation was corrected for weight flow and blade passing frequency. A

similar correlation (Figure 8.7.3) was used for fan exhaust noise with

fan pressure ratio being the correlating parameter. Corrections were

868
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(

(

applied for weight flow and blade passing frequency to obtain the

static far field levels.

8.7.2.4 TURBINE NOISE

Turbine noise levels were estimated using the semi-empirical

prediction technique shown in Figure 8.7.4. The levels obtained

were corrected for blade passing frequency of the dominant stage.

8.7.2.5 BOOSTER NOISE

Booster noise was estimated using measured engine data. The

estimates were scaled to the proper engine size accounting for weight

flow and blade passing frequency.

8.7.3 CYCLE DATA

The pertinent cycle data used for the acoustic analysis is shown

in Table 8.7-I. The cycle data are presented at approach and takeoff

flight conditions.

8.7.4 STATIC ENGINE NOISE IeTVEI_

Utilizing the various component noise prediction techniques the

200' sideline static untreated engine noise levels at the max forward

and aft angles were estimated and are shown in Figures 8.7.5 and 8.7.6

for configuration 3U. The dominant components are the fan inlet,

booster and fan exhaust radiated noise for the untreated nacelle stati-

cally.

8.7.5 STATIC-TO-FLIGHT EXTRAPOLATION PROCEDURE

The various flight effects accounted for in extrapolating the

static 200' sideline untreated engine ievels to flight, including inlet

clean-up, Jet relative velocity effects and dynamic effects are explained

below. _.

8.7.5.1 INLET CLEAN-UP EFFECTS

Analysis of static-to-flight data comparisons for high bypass

turbofan engines has indicated a reduction in fan noise due to forward

872
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flight. This reduction, believed to be caused by reduced turbu-

lence levels in flight relative to static conditions, was accounted

for by reducing the untreated fan inlet noise component by 2 PNdB

at takeoff and h PNdB at approach. The amount of reduction was based

on CF6-50 static-to-flight noise _ozponantz.

8.7.5.2 JET RELATIVE VELOCITY EFFECTS

The source reduction due to forward flight on the Jet component

was accounted for assuming no reduction in the forward quadrant and a

l°g_'_,--r relationship in the aft quadrant. The particular assump-60

tions were based on static-to-flight comparisons for single Jet engines

and#_Bertin Aerotrain data, believed to be representative of flight

effects for a mixed flow system.

8.7.5.3 DYNAMIC EFFECT

The effect of forwar d flight on all component levels was accounted

for by applying a _0 log correction factor, referred to_

dynamic effect. This correction term, based upon theoretical analysis,

has been substantiated by static-to-flight data comparisons for varying

flight velocities.

8.7.5. _ DISTANCE CORRECTION FACTORS

Decay rates as a function of distance were calctulated assuming

a typical spectrum shape, depending on the type of source (i.e. - Jet,

core, fan, turbine). The results, indicated below, were used to extra-

polate the static 200' sidelifie levels to the appropriate acoustic

ranges for both takeoff and approach.

Source Decay Rate (on a APNL Basis)

Jet

Core

Fan

Turbine

Booster
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( 8.7.5;5 CERTIFICATION GROUND

The prediction techniques used to obtain the static engine

noise levels were based on data measured over a hard surface, not

typical of a ground surface used during flight noise certification

testing. To account for the difference between the two types of

surfaces the following corrections, based on data, were applied:

8.7.6

APNL Correction

Source _Static-to-flight)

Jet -0.5

Core -0.5

Fan -i. 5

TurbiA_. -i. 5

Booster -1.5

ACOUSTIC TREATMEr_ BENEFITS

The noise reduction on turbomachinery noise components was

e_timated based on current achievable suppression levels with a 50%

_mprovement assumed for advanced technology. The total assumed sup-

pression is shown below for each component at takeoff and approach.

APNL Reduction

Source Takeoff Approach

Fan Inlet -8 -12

Fan Exhaust -15 -15

No turbine noise suppression was required since the basic design pro-

vided for a.high number of turbine blades causing the dominant stage

blade passing frequency to be above i0 KHz, out of the frequency range

of interest.

For configuration 3U no reduction in booster noise was assumed.

Since the source was located in the center of the inlet, inlet wall

treatment would be virtually ineffective in reducing booster noise.

874



l

8.7.7 FLIGHT NORSE ESTIMATES

The 200' sideline static untreated engine noise levels were

extrapolated to flight conditions using the procedure detailed in

_, 8.7.5. The turbomachlnery suppression delia's were then applied

to produce treated engine noise leve_iS in flight. The resultant

component levels for a typical trlJet at takeoff and approach are

shown in Figures 8.7.7 and 8.7.8 for configuration 3U. Similar

charts for configuration 7U are shown in Figures 8.7.9 and 8.7.10.

The levels for configuration TU were derived from 3U by removing the

booster component. Since 7U has the boosters located aft of the fan

no measurable contribution from the boosters in anticipated due to

attenuation through the fan rotor.

Figures 8.7.7 and 8.7.8 show the booster component to be the

dominant source at takeoff and approach for configuration 3U. The

dominance of this componen.t is due to the high source levels and lack

of suppression. Figures 8.7.9 and 8.7.10 indicate that the dominant

sources for configuration 7U are the fan inlet, fan exhaust, core and

Jet at takeoff and approach, indicating a balanced design.

Relative to the direct drive baseline engine defined in the

STEDLEC program, the front booster configuration (3U) is approximately

3 EPNdB higher at takeoff and 3.5 EPNdB higher at approach (Figure 8.7.11)

The higher levels for the 3U configuration are directly attributable to

the booster component, both at takeoff and approach. The geared fan

configuration using aft boosters (TU) is nearly identical to the base-

line in terms of overall noise level. This was anticipated since the

parameters controlling overall noise were very similar for both engines.

The overall levels shown in Figure 8.7.11 indicate the forward booster

configuration to be substantiallY noisier at all conditions compared to

more conventional designs. Further, thepossibility of achieving noise

reduction on forward radiated booster noise is doubtful, making this

configuration (3U) unattractive from an acoustic point of view.

f_

875



• . ...

-j-

./ d"

"- ./

El

.(

• . ..-:.; - ;

• . . ' .

• , . -.

' T ,I.,,_WEl.Of ::E_I({P - _0 uO,I.,$n.EI,,,_O,.9• : r" • " -

"r ". "';

• ..I ;o

.., .'. ..

: : .,o

; .'.. .

k:

. ,, .

87_6

i ,.

o

i-"

t---

°.. . .. , . . :

• ." , "

• ....



: f.

•_ .'" -, I

• , 8 g - o o -:. .. oO L'-- _ '- .'_

'"' _'' " " ':" : _NAt :_'---" " - . ... ." ,too_0_- (_a . :..)OR, _fi__E_s ,,-
OF POOR QUALITY



#_/ _ " :" ";'''] "' "" " ':''" "" "" '"' "' "

./ _:',,_,_; ..,'..,. ..... , . . . • °-

• .. -,f, . , , . ,. . t

; .,:.:2),:.., ,:. :"i2"". '"" -"'"': .' ".;. i 2

• ""'::.....":. !:.i' """
" " _ . - . ..L, . " '.'

"7 "" ""

" ':-": .';:: :";:-!":.,"_ . ,,
11":"" -7 .- " "

" '",i: " :"':!: " :": _ ' - " i " ! "

'-:: " ','" Y_;)': r_r_" ,:.

: ...:..,'*" ":',"":':-L-'_ : L
:'',.':'i""""" .':' :":".,-:"-;i" _-I

: ; } ::.:)--::,":;- .._ r__ :,. I :-..:;. • _ :"-...."__.-"_0 ' " ,, "• ".'...-._,-_ " "'.'. " I'_'_ .

.._ .;,-.,"," .'._.'.: O. - r._0 <

_: ._ _g.

• : - I- "_ -._ _ •..,'_ _ _8_,,
". .rx4 _ _ o_ "..__ o__ -
._.? • . O _z-_l_ ,__l.=4_

-".., I::"I=:: O_ _ c_

: ,::::

m."..:._ ::.'_: :.!".:.,.,.;;:
:: .7,'_ • ;..: .. _: _',::.i...•
.: -,::i: :t,, . : _._ ".j,. .,_'_,, ;:..'::

•,.,.- . ._ ., . . ,.._''_'_'.,",:,,_,,.:-, . ,
• " ._" "' :' "" '-'" "' ;, ' "'; " - . ''; 0

\•. .. .': , ';.:-.. • . . . ;.-. .

,, ,: ..... ,; :' .,.....,,; .; ..: . .. IT1

• • .".. _ 'f ,., _ ;, , ,: . : .... . ." % ":' ,. ", _,

-." . . _. -.. ..'.., " _ " , .. ..

.'." _ ". .... ., ,'.'. .. , :.

._'

o.

;: , ...., "..

,'_.,..'",- " - .,.,>..,.,."." :,.."

"" "-;" .:" i

... " " I ".

0

_._Oq OI-_L_ *q'S ,OOE

:, 878 "

• L _ ,

• • ) .

¢ ._ ,..

.." " ]

: q,. ,:_,','J'."';. *"','" _..... "."

. ;.'.....,.' .-'..

.... ,, _ _/
• - • . '_ : r . • ,'1 :

" _._..,-.:%1:,._..._::."_ ,_

......... " " "' ":'1._'_i::"".'• "' ' ':" ' _ '; _'"_ i

,. i "" ." ; ,"

i.--,i.: i..

• : - ..,

p=<

• _ " 3., ,. -'.._. .." _,-... _

. ,: _ , , : _'.. ,: -,',.;:.. _.:

.. !--.:i._.,..." ?':":'..' "!:::..:! _-

• " ."!.i;.::.,.:,,.,!:
? .'.:.'.:.:::..".Y,:,I •

'" " ." ; . -'_ ,_ :;'. /7/. -_

_ -: ' :":.:/::- "-'.i _'
A _. -.:".:."I- I_

• •

" i!
•-r o ,-,,.:i"_ ::"

, _-

..,,--'1,Lt'%LI'%

0

0
t" •

.._ ._" , .

i
• - . . . . .

• . . •

? . -" . - . !

)

t

• . . ---

• ,'. -: •

,-:.. , . -.._
., ".. ', -. "

• .*_



(v)ooq OI - "I_SVO )IV._(I - . :: ,,2 '::
- . .1 "..

._ '-..?.:!..:...::.ii.._,.:.?:"__ ..-"



¢

..

I

i

!
i

!

I

, i i I

, !i I

! i

i !

I
i

I

..#

I /
I I :

i. ' I , ..i ; • i

i
!

I
I
I
i
!

I

I
i
t

J. ..... i ....

; . : I

_--__-_-_-.+ ...... _ _ , _ ................ i,--_-- _ _ ..........
, = , , I i ,

........ :........... !.........- ........:......._......."...... +:-.... r........r.......i ...............;...... ,-.... - .....
! , I "

_d ' ! + : 6.._++
l+f)i,i ......... ___+_i ......... _, .- .......................... +....................................................

' _ T i ,

........ A_ "F "/-",# t + _.,_
..... ; + _ + , '

-i ; .., i : +:• + I . _<p_
+ +_ ..--- ......... +,,'_,' _f_ ............. I+._-- + ............ +_..............

Ip l_,_ : i lJ._ "+ '
- i

.............. #+l/ d_. + _ J_P_> .............. 3 7 _o+............ _,_.__u._.___ ; -_'_-_ .....................
l

.................. r,,+,.,,,+,m_.,_+,'_,m-_...... • ___/_,,,p._ r + 4.#... 7C_ ..... " .............
r

_,'> .i,+Ez-¢--f_+ m ..... ,_ ],,.+r ',+............... .__P.,"__......... __..........

............................. .......... -+--_.... I" ...... --I- .............. ;-............ l ........

................................................ ! ...... "+........ . ............... i.....

.... _u++.-'.__l__- ................. _'_s j-+_ ........ _ _ ...
:_,1" +:,-/_ _+" " : " '

. + ......................................................................... +...........

- +_ ].s'..Io + l -+ /._p_ .... '
• _ -.,+...............

....... 7__.r._°g ....... ._t+_."__ __........ L...... i .......... _ m,,_
+ +

' : : ,e.#_.__. ' +....... I+_.__-_.,<X_+ ._._.._:_ .....+ .......

..................... +..................... ; ...... ++....... }....... i ...... '....... i.. ' ........,+....... t---
' i '. _ - . i +. • ! ; ;
! I l t t +_ ' • i

l ---_i - + - i+-- _ .......... * ...... +++---- _ '_ ....... *........ " -_ ......... i "+ -
................... +P , I i ! I 7. ' i i

.................... _.............. !...... i ........... . ...... ' .......... i ..... . ....... p........ 7...........7........ 7...... l ...... ] ....
" I , i -_ ! l _ I ; ' : I

...... ......... +___-- __._. ....... +i. I ........ _ ....... _ ....... . ................ .,....... T ........ I .... • .......Ii ' : ! t - l , + _ ! , +

.................. + I ........... _, .... + ....... i ........ t ...... T .... " -- ........ ' ........ ' ................. " ..........+ 1 , , I ....... _ ....- L + + .,...- , +- ....

............................................... F---I ..... i.......... +...... "..... ,.......+....] __;..
........... _ ,,___L_..... i ...... ,...... ; ....... ++-.-....... -+.... l .......... t....... : .......... =

i _ _ I I i '. .+ t :
....................... +.......+_---......+ ....... i ...... _.-+ ....... : ...................................... _-- --

• ; i ; ! ! i i I ' i

, i I , ,. i ' . +I I
. "_, .................. +......... i....... , ....... : ....... +........ +-........ i ..... '+.... , ...... : ...... ;.................

I • ; : _sv I { , '. i
, 1 i ' ' ' t

.............................. 1....... l .............. t- ..... +........ r ....... r ............. +....... _ ........., ........
i , + i i i l i I , l

................ t ........ l- _ - +....... i ......... +...... t--....... _ ...... ' ......................... +........
, I l : I i

I l _ ! , , ! ! t t

i
.... -I+

._

--T ....

!

-i - ---

f
!



(

01
U"

i,i

_u
=3

P

6
,It

d
z

(

_-r--t-

_--! _- --_--_-,-
i ! :

4--.'-t,,, TI_T
-Tq' ;iJ_

+--t-

- _-P-I .......

2' ---t-i-!

-_I_T_4.- d-



z
I:1
I-
,i(

o."
cr_

I"

I.I

E

/

t,,,,_

LI
n

i+

1,1z

i.+,It

D

el:,<

0 D

_t
lwl

d
z

- t-1_- -r-] --1_--" ! I [

,+.-++--! 4- H. ¢

i i t i --.

I I I ++ ---1 LI_-L-, +.
+-_@t f++ +
+-+-+-i.-i-+++-;+
:__2:r:tt:k::I
..... t+ tl-+t l-_l

.... -t -Pl-r-r P
+-+-l-.l++ i-+ + +

t'_

=



(

Z
o

_s

w

B

L

!+
a.

o
ox

D

d
z

ORIGINAL PAGE IS
OF POOR QUALITY



I

+<

¢

I,i Z

l_iO.

?,x

6
,li
Pl

d
z



(

z
D

_<

I-'

!i
li

II

(

il
L

,<
z
&

,<,{
liD.

gx
a a.
F

6

d
z

i LL,I-I -].L L
r4 L {-l-i-;4-,-

-_-yJ-A-. _-_ 4 - t-
4-I--4- _-H-*-

4a-444--;-r
_',__oLI-4 k._-
:[giA-_i ¢

ORIG!NAL PAGE !$
OF POOR QUALITY



(

Ol
U _

Ill
G

(
",,._1

If

!
T
n

_Z

o
_x

o rl
P

6
II
1')

d
z

ORIGINAL PAGE IS

•OF POOR QUALITY



+

z
O

D.

i"
Dz
U"

:i
c

u
5

t

E

i!

I,

Z

z

Es
Bx

D
O_

D

d
Z

('_..

F T¸

I'?
, I

_ ,.--_

i

4_

i

-1--
4--

-L

I

i ,

4

_f

1}:.

i'-.q

4_
' +

TT

4+
b!
2:

-4,-4

22

-* q

-t4

_L-.

-_-
i

_1.-

2

| I

"t'-r--

.4--4-°

:[-:I--

-._-F

i

-4--*

F
'l

!±:
a4--

":'- T-

H-
, i

.TI

IT
i I

-Ij.
"H

___

I-

-+--+

+-_

! .

L.LI

ORIG!NtIL PAGE IS

OF POOR QUALITY



Task II - Variable Boost Geared Fan Detail Design

888



Task II - Variable Boost Geared Fan

Detail Design

C

Introduction

The performance of turbofans at high turbine inlet

temperatures can be improved by increasing the cycle pressure

ratio and therefore thermal efficiency. Previous studies had

shown that the benefits of improved SFC tend to be offset by

the various design penalties necessary to allow engine operation

at higher cycle pressure ratios. These limiting design

conditions are critical only at takeoff power and at sea level

and low altitudes. Therefore, the concept was evolved

to design an engine which would have high cycle pressure (in

this study 45:1) at altitude cruise, but by the use of low

pressure compressor (booster) variable stators which are

closed to produce a lower pressure ratio at the sea level

takeoff critical design condition.

The engine Studied employs the same fan design as the

pressure ratio 1.55 geared fan described in Section 8. Also

a three stage geared turbine, a nine stage - 14:1 core

compressor driven by a single stage turbine are used. The

booster required three stages rather than two for the fixed

geometry geared fan.

9.1
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9.2 Cycle Definition and Performance
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(
9.2 Tabulation of Component Efficienc_ y Levels

8-U P/P 1.55 Variable Boost Geared Fan

35K/.8/+I8°F Max. Climb

(

Efficiencies

Fan Tip .880

Fan Hub & Booster .8710

Compressor .860

HP Turbine .898

LP Turbine .9195

Mixing .75

Combustor .9875

Gear .99

Pressure Ratios

Inter Compressor ?l_I_ .984
D

Inter Turbine_ P&4 I_l 1.0

Fan Duct_ PzgI_ .9956

Core Duct pEq/_ .9940
g

Combustor ) _ )_ .947

Cooling & Leakag_rgy Charge _

Sump Purge 0.5/.25

LP Turbine 2.22/.612

HP Turbine & Leakage 4.9/1.0

Sink

Post LPT

Post HPT

\

\
891



/

(

!

?...

e/ 0

,.2

/
D

a

"7"z_

i

°

892

i



f
i

|

Aft

M

P

Altitude, ft

Mach Number

Pressure,, Psia

CYCLE NOMENCLATURE

°-

t

o

i

W

T

DELTO

ETAR

FNG MX

SFC MX

. %

Flow, ib/sec •"

J

Temperature, OR

To-Tstd day

Ram Recovery

Bypass Ratio

_ u A-l-y--A_i_"_e c_l--)_,__ b s

°

Speeifie-Fuel-_-e_-_s_mpt-'_on_-Ba_ed--on FNG MX ibm/hr/ib

. FNG-PM 9artial.ly-_4_xed-N4mt--Thr-u_-d_r-/_s

I(
SFC-PM

PCNF

-Specific-Fuel-Gonsum_ic_n--B_sed--_-ENG-PM

NF

ECNF*

-Fan-Physical-Speed_--RPM

Fan-Cor_ected_.Spe__d__

ETAF Za_--_ip--_ia_icienny

Q

ETAIC

PCNG

NG

PCNG*

Dynamic Pressure

Fan Hub + Booster Adiabatic Efficiency

Core Physical Speed, %

• Core Physical Speed, RPM

Core Corrected Speed, %

NFM Fuel Flow, ib/hr

.

ETABM

TFFC

NRT4

Burner Efficiency

HP Turbine Flow Function

HP Turbine Corrected Speed

*Indicates a corrected flow

893



• i

I. I

DH/T4

°

CYCLE NOHENCLATURE (Con£.)

tIP Turbine Energy Function

TFF2TC

N/RT54

DH/T 54

V " "

LP Turbine Flow Function

LP Turbine Corrected Speed

LP Turbine Energy Function

Velocity," ft/sec

CF,

AE

Flow Coefficient

..

Effective Area, in

CV

FGG-HX

Velocity Coefficient

Mixed Gross Thrust, ib

FD Ram Drag

P C -_LX .... Mi_. in_--E-f_f-e_ t-iv ene s s

-&

: o

,( • 894
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NA6t,_'J-"IEF)LEE/_U CYCLE (TASK 2)

DUAL-L,.POf_IL# L(]w IvAP_ P/F e AI_ID f'Oi_WA[,'I]

Nutd ,'7 .w2C, = PRI_,JTDUT YALUE. *
NUTF - FUR THIS CYCLEI LPT RPM

.CASE ......I,O0 . 2,00 ....3,00

aLT. ....... 35o0:,._.3s0o0, ..... 35000, .....
MO 0.800 0,800 0,800

_) ..... PC ............... 50,00 50,00 .... 50,00
RC aO,O0 /JO, O0 aO,O0

FNG.'MX |uF35_,5 |0855,6 qQ28,5
C) ...... $FC_.H X 0,5)01 0,5302 -0,5292

___[NG-CF ..... _n, _______ . 0 "
SFCGCf" O, O, O,

0 ..... FNG-PH IO/5_,LI t0755,6 q8_2,6
5FCGPH

DELTO

TO

COUN TEP.POTAT ING I:IOOSTER

RPM

0

,9o5
= (;EAR RATIO * FAN

4.00 ...................

PO
0 .... t2......

ETAR

0

_. Oil

O,
so;oo
_0,00

•3qntP,, 8

0.27_1

O,
38953,3

0,5350 0,5351 0,5338 0.27tJo

18.00 16,00 18.00 27.00

q" l_s ....__t 1, _5___..Lt.._5.__5_. _7
3, _&580 3, 'J580 3, i15.;_0 I_.Og60

_ qt,a,80 ¢4ha,_O _6u,80 5a5,o7
1,0000 l,O000 1,0000 1,0000

,

..... P2 .............. 5.27_.__ 5,27_ 5,27_, 1u,69o
P22/P2 o,qqgh O.Qqg6 o,qqg6 O.qqqb

_ _2J O,!9.00__.Q,69___Q,_Zo6__.O,._o_8

P22 5,272 5,272 5,212 |0,690

( B 9,_IS68
,,.... _ PATH PMIX

0 ....o-.oo o

0

0

0

0

9,_566 q,7306 1i.5_117
PHIX ...... PmlX ..... pylx ......
0,0020 0,0020 O.O020

WB 0.____0. .... O, _,
PBD 233.56 233,5_ _19©73 a17,91

TBD ....... 151q,5 . 151q,5 .....IQqOmQ 1553,a

WBl 0,I_0 0,I_0 O,13q 0,2_6

PBI 92,a6 q2,a5 ._ 87,58 _.162,ga
...... TB! .... 120_,! 120_,! lIS],O 1227,3

HPE O. O, O= 0_

pCNF .......9_.66a .9a,661

NF 2917,0 2916,q
....PCNF* ..lO0.O00 . 99,996

W2* 195_;,16 |93a,07

P23IZZ 1,5500 1,55U0
0 ...... Z22 ... 0,6627 O,6h_o

ETAF 0,8800 O,SSO0

HPFAN 1586_, 15_68,
..... RN122 o,ut3_ 0._132

0

._92,|32 ....86.7_0

283q,0 2_72,8

97,325 8_,5o7

i,SO_! I. _602

0,882_ 0.875_

I_a65, 27o37,
0._132 O.q_71

__,.S._! F.......... }_, ,__ .... 39. _ 3....... _.o. u2 ..... 32. o5
M23 0.5500 0,5_9q 0,552. 0._8_3

.. PPSP23 1,0000 l.OnO0 I.O000 1.0000
H25P 0,5500 0,5_99 0,55_9 0._;q61

. AE25P ._._29.q _u2q._ d_2qmq q_g,_

Z

m=

.. . 896

.... . - ...: .........................



, NASA-USTFI_L.EC/flU CYCLE (TASK 2)

) DUAL-3PCJLJLo LOW FAN PIP,, AND FUqwARD COU;_TERROTATING BOOSTER

NOTE - w..?C* : PRI.,,:Tf}tJI__VALIJE* ,gqs .............
......NL)IE--IUI_.THI3 CYCLfw LPI RPM - GEAR RATIO * FAN RPM

)('- ...................................................

.....2,00 ......3,00 ........LI,,O0

8, ! Z__.__Z?,9__0._ lg, q81

I,o0o0 l,ooO0 I,,00o0

R,172 ....7,qLiO IQ,9_O
|,_003 1,3895 2,9092

5._5,5 _.530,a _.603,0
0,55o0 0,5550 0.L_962

6b..;..,!_5 '_6_SL,.0/!_l._522,23.

( CASE ...... I,00

P25P ......... B,]72_

P_s25P 1,0000

Pg5 .....8,112

Q25 t,aOga

I_5 .........535,5
F_25 0,5500

_25 61_)8R• ° .o-

) P27/26

• _ P P.7......
H27

) ...... ps2?
H27
T_7

PP6/25.__o_gq56 .... 0,9q56 __O,OQSc_ _0_9063 ......
PP6 6,136 8,136 7,905 19,0(_b
HP6 ...... O_t_O(pO_ O,l_OOO ._0iI_029 . 0,3669

1,0000 l,O000 1,0000 l,O000

B..,136 ....8,13_______Z7,9_05__to,_06
Ot 1_800 O,/J79q 0,1J839 0,_367

.......6,gLJR_ _6,qa9 ......6,73_._. 17,Z163
662t_38 662,85 651,0t_ ILI_2,2.3

5.35.,s..... 5)5. s __s_3p_,,___6 o ,:o

_Z_c o,6_].6 o,_6_5 0.,..6.8._n o_!_P.}
p2tlllC 3,3180 3,3117 3,2.105 2,0(t51

( _ETAIC___

8FFIC
HP|C

)

.... P2a .....

.....M?tl . 0,_500

PPCI2Q 0)Q840

AE_D O,

.____IC_ ...... 18,,_7 : IBa,q6 .....1.7_6,55 ..126,05

70,10 70,09 66,ql 123,23
0_8775 0m8775 0,87880,_820

0,66318 0t60378-0,66378 0t52_17 .......

1.7,_93__.17,a91._16,026 .... )0,003
681,5 681,5 67#,_ 685,8

.. O,/150t) .... 0m_390 _ 0,Q660

2,153zl 1,0967 3.9275

O, 0) Om

PS_q2O O, Om Om O,
DP/O_O .....Om O, Om O, ..... .___

) P2D/2Q O, O, O) O,

M2D O, Ot O, O,

...... PS2D .... O, ....... O, ........ Om .......... Ot
PS25P 6,053 6,653 6,_! 16,889

) ,

O, ...... O_.... O,

P2C ......... i7.P_13 ..... i-7, a ] 1----1-_,.6(';-_ .... 2_,s-T,_
.... 12C 681 ,S ..... 681 ,5 67_J, 2 ...... 685,8

PCNG I01,717 101,7}7 lO0,abq 103,tlb5
PCNG* 88,738 88,739 88,113 89, q¢_8
NG 1(&82,,' tuSP_, 1(1o.1, 1507_,

F'CH6, H 99,906 qq, q(.)7 99,202 lOt,?9l
) .Y WARC2C O, O, O, O,

L,_,_._.t,2.C 70, lO ..... 70,0() 6.6..91 .... 123,23
H2C* 68,60 68,60 b7 ,_.6 70,51

)

............................................... -897....
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NASA-USTEDLECISU CYC||- (IASK 2)

(_' ()t)AL-3POrILt Lf.ll_ FAt; P/P_ AND FI1R_IARD
NOTE-. v_PC* = PRIN'(f_tI.[V.t.<t:tiE.*...,qqs

..........NI)IE - pliR iHI$ CYCLEr LPT RPH = GI._,R-RA-T'Io * FAN RPH

C()IJNIERROTATING BOOSTER

_ - , ..,

I. ,

(" CASE ....... 1100 .....2,00 .......3,00 __ .II,O0

J

___.p3./p2C.!_3_oo !3,0LIOb_.l_,5_.75.. I_,5_Z_I
SI4C _,80 _,7'_ 5,59 3,55

0 ......Z2C ......0,58a3 0,5_z13 0,5779 ....0,58,_6 .

EIAC 0,8605 0, (le,OCl 0,6630 0,8530

HPC 20ta_.o. 20z_80, 1_9q9, 37355 s _ ..
(,_ .....RNI2C -0,832_I (},_3_7_ 0,_167 I,,171

e 31 P__.___5_,5 ].23._._.5,5 .I 08_.__2,.:!_.6__o._2_9,21.53

0 .....P3 ........239,95 23o,q_ ....225,79 ___29,1B

PS3 226,69 226,88 213,38 _06,13

_,__3 1519,5 _15_9,5__I_90,4 ....1553,_
0 .....O. O, O, O,

W3 67_71 &7,71 6Q,63 119,04
O .....W31 .........60,33_ 60,33 .....57,50_ 106,06

H3 0,28g0 0,2890 0,2g03 0,2872

0

0

i

...... 77
I_FH S __5_S.,2 __525 .S.,2___52.5__,9_!0 _95, !._

ETA[iH O,q-_TS 0_9875 0,qP_75 0,g875

___FAR33_ 0,(_2650 0,02650 "0,()253_J .0,02801.
T39 30z_9,8 30Qq, P, 2967,2 3153,3

___T_I......... 296o,0._2960,0 _2880,0 .... 3060,.0__
HARCl O, O, O, O,

_.F_ ._!_ 0, q29.7.3_0,02_73_Q,92366___0, o_2 _ _5
ptl 2..27,23 227,22 213,71 _I00,71

.... IRu 66 _23__.6_(_, 23_____.3, $5__ 16,60

i

0

__.TFFC ........15,86 ....15,86 ......I5,80._.15,86

N/RT_ 272,z17 272,_7 272,82 272,57

___D_/]_Q__O.,O.7_gq_.O,O.7_gq_..O.,C_37.3.__O,07_O9
EIAT 0,69a0 0,89_0 0,_980 0,_900

.___HPT ..... 20509,. 2050_, __lgD2o,__37a03, .

HPALIX 2B,qq 2B,qq 27,|6 _7,1Q

P51 56,o09 56,ou8 5P,609 Io0,0_2
__T_Sl 2!99,0.__RI.Rg..O__213_I,___227_7,9

FARSI 0,02350 0,02350 0,u22_70,OZ_
.... WARS1. 0,._ _ O, ........ O, ........ O, ....

_51 69,b3 69,(,3 66,_0 122,57

....... M51 ..... O,_BO0 ....0,4800 0,q796__0,_82_.

z_

I

./

.i

":. ...... :- ...........................
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)_ASA..L)STEDI.[C/SU CYCLE (TASK 2)
: DUAL-,SPUUL, L[Jw FAt_ P/P, AND FE)I_WI,;IDCEUNIE'RR(JTATING BOOSTER

NOTE -. _,2C* = |'P, INTULIT V_,L.I,)E *. 690'3 ........
T".....NUll " [[)R THIS CYCLEr LPT RI-'M = GEAR RAIIO * FAN RPM

)( ' .

CASE .... |,00 2,00 3,00 4,00 ..

___p5_15| .... L,OOOO .... l,OnO0 __1,0000.._I.00o0
PS_ 56,009 56,008 52,6,09 100,h82

) .....T54 2|99.0 2t9_,0 213_,9 2217,9 .....
.FARSQ 0,02350 0,02350 0,022_7 0,U2,8_

WARS, _Om .... Oo ..... O, .... 0 m
) -....WStl 69,63 60,63 66,U0 122,57

____I_F2!c....5o, 30__ 5F3,3o....5_._2....58, _s
N/F_I 5(I o2,2! 62,?.o o1 ,Ij_ 56,00

.....OH/IStl O,O970rJ O,097L_/J 0,09583 O,OF_/]_2
ETA2T Oo 90'_O 0,q0_0 0,9077 0.8q70

....HP2T .... 21023, 21022.. ).9219, ..33507, ..

) RNIS_ O, 77L)6 0,77,5 0,7516 i. 331_I

7°006, ....7,067 _. 7,6_2 _ 18,807

156 l_39,5 t43q,5 1 .CI02, | 1595,6
=

.... W56 ............ 71,55.__71,55 .... o8,23 .. 1P.S,_5 .....
M56 0,_1500 0,_50o 0,_370 0;3356

__P.5.8/5 6_. O, 99zJ0 __0, qc)q0.__0,9_9tl3....0.99.')5

P58 7,939 7,930 7,638 tB,Bul

) ___9_$58 ........ 6.9.'|8 .6,q99 .. 6,73LI .|7,_56
( H58 0_1500 O,aSoO 0,_369 0,3357

H59 O,__q 15 J, a�l 5__0_. 49_L5..... O. _ 305
T59 029, _ 629,5 6 l(_.,/I 690,2

) ___W59 .......?3a,_(_ _ 730,a0_.7.19,27 15t_8,_8

Pb/PSq I)0000 l,OOO0 l,OOOO |,OOOO

_yB-._r:IX ..... t 122, _ ._t%.22, ___ t_J_P-,9 ..... Bl $, 2
f..F _" N X 0.9965 OoqqO¢_ 0,9q05 |,0|0_

..... AB,P,__.x.._ _32.0,3 _320,3 ..... q320,3_ _1320,8

)

)

VO..MX 1122,8 llP2,t _ ._ 1112,9 813,2
cvq-Hx O, qg7P, 0,q978 O,qqltl 0,9070
CFG-H X. .1mOO00 ....I,OOO.O._._|,O0.O0 __|,OOt)O
FGG.,MX /_qOUO, 28998, 27700, 39019,
FD 181z;3, I al. Ll_. 17771. O,

FGG-PM 28900, 2889_, 2761_, 38953,
PC,,.H X 0,750 0,750 .0,750 00750

_i 899.

.'3 ...... 15" .... "............................



NASA-USIFF)LEC/_U CYCLE (TASK _)

) DUAL.-SP(J()L, l.OW FaF_ P/Pf _.I_ FORWARD CUUNTERROTATING BOOSTER

PJOTE. -..v_2C* = P;,"IPJTF]UT+._VALUE * u(}9% ..................
_- ..... tdL}IE. " FUN THIS CYCL_Tt t. PT PPPI = GEAR RATIO * FAN RPM

(. . ..................... . ......................

.._.. CASE ...... I,*0 2,0O ._ 3,00 .... _,00
) CASE |_00 2,00 3,00 _,00

) ..... WP.8"CF_ 66?,Q 662,8 _ 651,0 1_22_2
T28"CF 5_S,5 535,5 5_O,Q 603,0

........ P28"C F 8+1358 8, I-_56 7,90d6 19. gobS,
pPSPOC 2, 3527 2,3527 2, ,?.850 1,35a5

_____E 28c F.... 35 ,_'4, Z___35# _, h__.3S ___, 2__3_80,3
H28-CF O, O. O, O,

....V28=CF .....I035,7_.. I035,7 ....1030,8 .....775,6

,m
.+.

z

...... WS-CF ...... 71,55 ...... 71,55 ..... 68,23 ,_+ I _.5.q5

) 18-CF 1_3_,5 I L_3q. c. 1Cl02, 1 15g5,6

__p .n-CF 7. o 39___.7,93"9.__7, (:. _ ....IA,_,O.I
PBPOCF 2,2957 _,2959 _,2068 I .2793

___ _8,,,CF __ O, .......... O, ......O, ....... O.

VS-CF 1683,7 1683,7 1662,_ [ Itl_J_ 3
__ A[IB"CF 652,5 ....652,_ _b_7,8__ bOO,|

) CFB"CF O) O, O, O,

Vg..CF
CVQ-CF

( CV2QCF

_.v2q-CF

)

)

1683.7 1683.7 lbh2.Q 11_,3
0,9978 _.0,9078___0,q97_ ....0.9970

O, O, O, O,

ll_O,q 1180.9 _1157,7 .... 775,b
CFG'CF I_0000 1,0000 1,0000 1.0000

.... [GD-CF_2_3_,O 2a_32o5_2_2_,3_3q290,8
FGM-CF Q2O0.6 Q266,7 3929,0 q_66,8

..... CFGDCE._+ 1_0000 ...... ,O000__L,O000__.I,0000

FGG_CF O, O, O, 0,

...... FN-CF ......... O, .......... 0., ..... O, 9, ......
SFCGCF O, O, O, O,

+

. .

.°

FNLJ/_2 1#,67 |Q,b7 13,71 2S,20
) ....D/F-P.E ......._,I .........5,1 ........5,51 ......._._

CD 0,18_3 0,18_3 0,18_3 0,i8_3
___.FDI ....... 552,3 552°3 .... 541,0 ...... O,

) S_FMG l,O0OO0 1,000o0 1,00000 1,00000

___$FNG [_O000___l,O_O0___t, OOOO___.t,QOgO

...... WC3/2C
WCu/2C

.... WCSI2C

_C5D2C

_C5511

HCb512
WCSS2C

_CI/PC
; F IUAH

....... FCAH51 ....
FCAF(Sq

FCHb51

FC)<!;52

0,075o

O,Ool_
0,0_60

0,01_5

_.01 .......

0,0050

0,022a

0,027_
0,0320

O, 3_0

0,2_50 .
0,7500
l,OnO0
0,2170

O,075q..O,O75Q 0.0759
O,OOI# O,OGIU 0,061_
0,0360 OoO_O 0,0360

0,0125 0,01_5 0.0125
O, Q,....... O. "

O,OOSO 0,0050 0.0050
0,022_ 0,02_ O.OP2_

O,t)27q 0,027_ 0,027d

0.0320 0,0_20 0°0320

0,38_0 0,3_80 0.38_0

0,2850__0,2}_50_.0,:2_50

0,7500 0.7_00 0.7500
1,0000 1,0000 l,onoo
0,2770 0,2770 0,12770

..................... _00

+



NA3A-U3TEDLLC/SU CYCLE (I_SK 2}

i_" " DUAL-'SPUflL, LOw FAF) Is/p, ^hr_ FORwArD COUNTERROTATING BOfISTER ........................

N(}T[- -" w2C* = PRTHT{1UT__V._I. IJE_* .99_;
....... N(JT[-" FUR THIS CYCLE, LPT RPH r.. GEAR--RA'TIEJ--;_-I:AN RPt.I

"- "1

)( "_CASE ...........t.oo

.....A_?I ........61_tJ, I_. 616_,

AE25P _q?9,_ LI_2q,

AE26 5637,2 5637,

...... AE2_ 285,3 285,

_AE_ a_., 3_____ _J,
AES! 156109 156,0

..... AESO ....... 9q5,0 _ ..9_5,

AE58 950,7 950,

.... AE59 ..... 589 3,3. __5893,
;)

__.FCNE..R M.... 100,00 .... 100, t;

P2322H |,8750 1,875
) .....FEFNB ...IIJ(:6,26. I_0_, I

ETAFHB 0#8503 0,850

_2,00

I

....... 3,00 .... _.00 . ..

....hlo_,! ....616_,i

_20,_ _29,_

_2q,_ __2q,_ .....

2 5637,2 5637,2

8 _892,6 _8921'& . _

3 285,_ 285,_

3. a_,3 qq,3

156,0_ 156,0_
0 _ 9_5,0 ....9_5,0

7 950,7 950,7

3._5_3,3._.5B_3,3 _.

0_ 93.,32____8_,5/.
0 I,_052 1.5730

1377,_I .I152,98

3 0,a525 0,8_58

_,.____2.q|CH___2,5a_0._.2,5_.3A__2,_72Q___I,6Ool

FFIC_IB 27_,91 279,00 267,25 2_1,31
) ___$FFICR 0,9955 .O,gq$S ....0,0953 ..0,9997 ....

ETICHB 0,8558 0,855_ 0,8915 0,721_

f ___$E_ICR ....0,9952 ....0,9952._0,9997 .... 0.9_97
l

..,.____PCNRTH ......0_,91___99,91.______9.,20__.I01,2_

P302CM II,9_15 II,_0 II,6155 12._87

) __-CFFHB .... 129,763 129,7_7 .127,327_133,337

$CFFR 0#9908 0,_998 0i9997 1,0000

.....ETAC_B 0,853_ 0,853_ 0,85O2__0.8Q5]

) SEIACR l,OOn3 1,0003 1,0003 1,0010

m

DHOTqN 0_07290 0,072_
) • XNOR_M__ISa,2_I __18_,2

TFF_IH 33,n2 33,_

..... STFFR _ |t0000 _|,000
) ETATMB 0,8878 0,887

.__}_IATR 1,9000__I,000

0 0,07289 0,07305
.1_,_7 .....18#,30

2 33,02 33,d2

O 1,0000 1,0000
8 0,8878 0°8878

0.__L,_0.9_0.0__I.,090_

) ...... DHOSqM 0,07260 0,072()0 0,07169 0,063_6

XI4RS_H 98,_7 98,q7 97.76 8q,_0
......1FFPHB _25,04 ....125,0_ _125,09 125,33

) SF2TR 0,g997 O,qg07 0,0997 |,OOOO

....... ET^2FIB__O,gI750,qlT_5_J!,9.1b___O.q052

$ET2TR 0,9978 0,9978 0,9977 0.9980

--Nsi/ o o o " ....o
.... NSI2 ....... O. 0_-. .0 0

t ' NSI3 O 0 0 0
_ _NSI q .0 O .0 .0
"--" NSI5 0 0 0 0

ICASE ............2 ..........3 ...:...... /4...... 5

9oi



9.3 E_ne Aero and Installation De_J__

Fan

i

p/p 1.55

UT/_ 2 1300

rH/r T .35

W2_L, _AA 43.25

P/P Hub 1.30

This fan is identical to the design described in Section 8.3

for the geared fan without variable boost.

902



Booster (LP Com_)ressor) St a_g_9_{

At the altitude match point, the booster requirements are

without the fan hub:

p/P 2.552

The flowpath attached places the ist rotor tip diameter

at 39.4". At that diameter the corrected tip speed is

1311 ft/sec, which requires three stages. The bladJng details

are provided in Table II attached. Table I gives the design

conditions at the design point and at the takeoff condition

when the booster vanes are closed.

°
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Table I

Pressure Ratio

Corrected Flow, lb/sec

Corrected Flow/An. lb/sec ft 2

Corrected Tip Speed, ft/sec

Exit Mach Number

RPM

Iniet Pt
i

Inlet "It

Inlet Radius Ratio

Tip Diameter) In

Design Summary (booster only)

Max Climb

2.552

149.49

35.7

1311.0

.39

8012

19._os

572.5

.711

39.4

0

0

0

Take off

_1.794

109.81

26.2

1112.8

.38

6696

17.s03

555.1

..p. |,_ o"

4-? °

0

si'h'
o

g
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PRELIMINARY STAGE DATA

STAGE

Max Climb (Design Point)

Pressure Ratio

Fraction of Work

Exit Mach No.

1.46

.38

.48

1.36

.33

.45

1.28

.29

.39

Take - Off

(

Pressure Ratio

Fraction of Work

Exit Mach No.

1.27

.38

.39

1.22

.33

.40

1.17

.29

.38

I'
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PRELIMINARY BLADE AERO DATA

( DESIGN POINT)

Blade

Row

Rotor I

Stator 1

Radia t Diffusion Inlet Inlet Leaving

Location Factor Mach No. _ Angle

T .34 1.20 67 59

P .41 1.05 62 51

H .49 .89 57 37

T .39 .58 41 12

P .41 .61 44 12

H .45 .65 48 12

Rotor 2 T .35 1.07 65 58

P .40 .96 61 51

H .47 .84 56 40

Stator 2 T .41 .54 40 6

P .42 .56 43 6

H .45 .59 46 6

Rotor 3 T .32 i.02 65 60

P .37 .93 61 54

H .44 .84 58 46

Stator 3 T .42 .48 35 0

P ,43 .49 37 0

H ,44 .51 40 0

(
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PRELIMINARY BLADE AERO DATA

(TAKE-OFF POINT) _- l_ ALl)

BIade

Row

Rotor 1

* Radial Diffusion InIet Inlet Leaving

Location Factor Mach No. _

T .32 .91 70 60

P .39 .78 65 52

H .46 .65 60 37

Stator 1 T .45 .50 47 19

P .46 .52 50 19

H .48 .56 53 19

Rotor 2

Stator 2

T .30 .87 66 58

P .35 .77 62 51

H .41 .68 57 41

T .42 .48 41 6

P .43 .49 43 6

H .44 .51 46 6

Rotor 3 T .26 .91 65 59

P .30 .83 62 54

H .36 .75 58 48

Stator 3 T .30 .43 28 0

P .31 .43 30 0

H .32 .45 33 0

T

P

H

Tip

Pitch

tlub
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CHANGESIN BLADE INCIDENCE ANGLES

BETWEENDESIGNPOINT AND TAKE-OFF AT PITCH RADIUS

Blade
Row

Rotor 1 +3

Stator 1 - 1

Rotor 2 + 1

Stator 2 - 0

Rotor 3 + 1

Stator 3 - 7
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Rotor 1

Table II

No. Chord

52 3.03

Stator 1 69 1.96

-- Preliminary Blade

Rad___. .Solidity

T : 1.29

P 1.50

H 1.79

T 1.13

p 1.30

H 1.53

Geometry

Vm/C

.03

.05

.08

.08

.06

.04

Stagger_*

61

53

40

22

25

24

Camber

9

13

25

50

44

53

Rotor 2 56 2.47

j(_ __... Stator 2 81 1.62

T 1.19 .03 59 9

p 1.35 .05 52 11

H 1.57 .08 41 21

T 1.15

P 1.30

H 1.49

.08

.06

.04

18

21

20

57

51

58

Rotor 3 63 2.07 T 1.16 .03 60 7

p 1.30 .05 54 9

H 1.47 .08 46 " 15

8tator 3 91 1.45 T 1.21

P 1.35

H 1.53

.08

.06

.04

12

16

14

55

49

57

* Design point values. IGV and Stator 1 are variab[e.
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Low Pressure Turbine _&_ _£_%_

2
The LPT RPM was limited by the last stage AA2N limit

as a stress indicated. The energy extraction for the 8-U turbine

is greater than 7-U, because a larger fan is driven. For

comparison the overall conditions for the two turbines are

listed below:
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7-U 8-U

P/P 1.55 Var. Boost/P/P 1.55

DT Fan 91.1 96.6

_h 209.9 213.4

M 5 .45 .45

AA 5 827 945

N 8030 7650

AA x N 2 x 10 -9 53.3 55

.76 .55

The turbine flowpath is shown on the attached engine

flowpath. At these light loadings, no turbine efficiency

difference is predicted.

E
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9..i_ Engine Mechanical Design

The mechanical design features for the variable boost

geared fan are very similar to the previously described geared

fan engine. Fig. 9._.! is a cross section view of the geared

layout and configuration of this engine.

As before, a high speed LPT gear drives a low speed

composite fan through a front mounted main transmission gear.

The major difference between the 8U (variable boost) and the

previously described 7U (geared fan) is an extra high speed

aft booster stage. This was required to achieve the higher

supercharge boost pressure needed for the _45:1 overall engine

pressure at cruise.

Since the LPT was slowed somewhat due to the larger exit

annulus (and resulting higher blade root stresses) the gear

ratio remained constant even though the larger fan turned at a

lower rpm (but same tip speed) _than the 7U. The booster hub

radius ratio was altered somewhat so another stress analysis

was performed on the most highly loaded first stage booster

rotor disk to aid in the weight estimating process. Table 9._.i

shows the results of both a Ti and B/A1 blade disk analysis.

The all Titanium design wefght has been used for this report.

Figure 9._2 illustrates the relative size of both live disks

for comparative design criteria while Table 9._'.2 is the time

share computer output stress and deflection information for the

all titanium design.

(
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Since the engine is de-rated at take-off, and the gear

box weight is proportional to the maximum T/O H.P. and torque,

the gear box weight was not increased as much in the design

size as the cruise thrust ratio between 8U and 7U would have
•S

indicated. Table 9. 3 is a list of the major engine component

weights in design size as used in the economic evaluation.

(
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; ...- .' , , ,

( .LIST 770-860 4

voDA 5 ' ' " " / "/_780 DATA 14, 12178, 7,587, ,312', .161, 64 "' ' I

/... 790 DATA 225, O, O, O, O, O, 0 .. • " . :.-. ..

'] 800 DATA O, O° O° O, O, O, 225 ' " : .". .'.. ".' .'.:" ."
/ 810 DATA 5.94, 6.5, 7,15 •. 7.5, 8,0, 8.35, 8._/ " .'J;" .,; "'.
r v, .'820 DATA 9.8,, 10•75,11.2, I1•8, 12.15, 12.45, 12.9 .....• _ ,-: ". ;.

' , .,p . : .. ," '830 DATA .9, .9, •9, •6, .3, ,22, •18 " ,.. .. . . :. .:
"'" '840 DATA .18, ,18, .25, .48, .7, 1•6, 1.6' " •

,Ire " , ,_ .: .. .

• RUH '" _" ' " ' "' ' " "'- ,''•. "' "
"_ , , , , • . • , i,, ,,,., '_ , .. _, , . ',_ . • , .

.... ,., , , , _' % .' , ,. . . . :;
¢ ; _ '; , ' II' ""_ "' " " ' • [7 _' * " " ' " " " '#''" " ,_"

• ,. . , i , ; ." .,. . •'- -
'i. ' i • . _ .'.. . ... ..,.. . _ .:"." -.,.. . . . :.

.. , TI_6-4 _ATERIAL DATA RANGE IS _ ."" . ...-. • " . .... ., . "

" .TEMPERATURE 'MODULUS ALFA :' _ASS DEN. = .!_1 #/IN"3
0 163,00e 05 48•000_.-07 NOTCH. SEN, = ,56

' ' 1200 I04.80e 05 51 500e-07 .POISSON'S = .312 '

. .,SPD = 758.7 RPM RAD.LOAD = 178 #/lfl ULT.STR = 108900 #/IN"2

X_ RADIUS THICK• TEVP. RAD.STR. TAN.STR, EFF. STR. RADiDISP.

"_(!N) • (IN) (F.) (KSI) (KSI) (KSI) ( IN.)
" !

• 5.,94 .900 ,225 ,0 "" ' 86.4 86.4 .0382
• 6.50 .900 225" "6.2 ' " 79.0 76.1 "• .0378

t•.

7.15 ',900 225 I I.4 -72.3 " 67.3 , .0376
• ' 7.50 ._00 225 19.7 71.3 63.8 %0377

• 8•00 •300 225 42.1 74.5 64.-7 •0382
i, : 8.35 ,220 225 57.9 77.9 70.1 .0391

8,70 ,180 225 70.6 81.0 76.4 .0402
; 9.80 ,180 225 _9. I 79.0 74.6 .- .0443

10,75 ,180 225 67.5 .77,3 72,9 .0478
I 1,20 :250 225 48, 1 70, 3 62.3 ,0491

"- : i1.80 ,480 225 24.9 60.9 53;! ,0500

_. 12, 15 ,700 225 17,1 57,0 50,7 ,0503 "
12•45 1.600 225 7.5 52.6 49.3 " .0504
12,90 I .600 225 7,6 50.6 47.3 ,0505

' Vb: ' :: '.• - A TAN.STRESS= 68.4014 KS[ : . .....-- ... : .... ,...
-:...::. - '"_ ..,":",i. -- "'. '• "-' .-- •. ,-

9375 "" '" " " ' " " "" CROSS SECT. AREA= 3,6 SO.IN. , ....... _ ..." _ , " " " ' "1 "' .... _.' . ":

• EIGHT ' " ' "• " " " 'WHEEL _'I -_ 35.55459 LBS. ... " " ' " .... :
• " ". .... •_ _1.. " . • ' " - " "-

-- , BURST SPEED = 9108,342 RP).i = 120.052 PER CENT OF 7587

,ady ' " ' '
• ": , re • ' ": ": . ," - "- " •918 '.: . ," '" " • - " " ,, " "

.. .r . :, . . . . . ., . . o,
"I_ :.. _" •-. _". -' _" " ._ " _ ." • " • .'..-. . ; _ . - , . *,'" . o. ". -; . --
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C

9.6 Economic Factors - Variable Boost Geared Fan

The evaluation of the economic factors for the variable

boost engine were accomplished in exactly the same way as for

7U previously discussed.

Replacement factors for the various components over an

engine design life of 36,000 hours were developed and used

with the replacement costs to determine an operating cost

per hour. The same replacement factors as used in 7U were

used in 8U.

Table 9.6.1 is a repeat of that list. No changes were

made in the gear maintenance factors since an identical design

and nearly identical load capability was needed.

I
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Comments Page 9 - 34

Section 8 titles have been altered to clarify the engine

configuration and this should take care of the confusion between

the replacement factors used for 7U and 8U. They were the same

and the recommended values were utilized for both.

The difference in column between the previously used values

(Pre-USTEDLEC) and the recommended va_fues derive from more and

better parts usage data and the better correlation with design

features. For example, the large difference between the HPC

blade factor (14.6 vs. 3.1) derives from the HPC low aspect ratio

blading resistance to erosion as used in the USTEDLEC design

versus the base CF6 low aspect ratio commercial experience.
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9.7 E!,gine Evaluation (8-U)

The evaluation of the variable boost geared fan was

_ conducted by comparing the engine on a cruise sized basis to

the baseline pressure ratio 1.71 fan. Also the comparison

was made on a takeoff sized basis, but compared to the pressure

ratio 1.55 geared fan (7-U) and scaling to match this takeoff

thrust.

(
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Nacelle Weight and Price Estimates

The parallel design of the nacelles for the variable

boost geared fan, the geared fan and the baseline turbofan

permits the direct comparison in weight and costs Shown in

9a. 

the following table_, Note that the fan reverser is slightly

lighter because of the reduced amount of fan air available

at landing conditions.

0
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9.7.2 Maintenance Data Preparation
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MAIN'I'EHA!,!CE COST CALCULATION

..' DESIG!; SIZE

", . _,u'- I_ r- (. I- ,e-. i T j -.rEd(,II,,: u=..:,_,,,:--,llQtf:SU - CRUISE SIZED
t_O. OF r'-l,_Ol.Eb-' -" 4 TYPE : I t,l" ....rRv.O"J TURBOFAH

FAN ROT _LADFS-
Fkh _ R,qT DISC---.
FAN FR A'.!E,_ STAT -
BOOS [_0-i :,;I.Ar)Es
B03S ROT DISC--

BOOS.STAT VAFES
BOOS STAT CASE-
l'IP'F,bI.ADES .....

I{PT Vt,?:ES

HPT D ISC ......

ilPT CASE .......

CO),;d UST.3_ ......

llPC BLA:_)-_-S.....
HPC u,,-7._¥;_;,i--J

HPC OI SC
}4PC CAS[?iO .....
C-EAf_ SET
GEAP, LU3E Z

COOL I'tG SYSTE,'.-
I.PT STAT VA?_ES-

( I.PT STAT CASF--
..... LPT P.gT '.4I_ADF.-S-

I.PT i_OT DISC.--
TUP.i3 F;.:,\!_E .....

C&,/J'_,_,..1,_ I S___. .......

..... _ ...... __

-e

TOTAL-

#

SHO P
COST.

PART

i I';DEX
i. ICO
O. I00.
O. 200
• I. 200
O. 050
O. 200

' O. 050
, 4 ,/000

6, lO0
; 0.600
r 0.400
.#. ooo

..3. 1CO
O; 300
O. 150
O. leo
O, 300

.!,

O. 500
0.250
"0.2 O0
.O. 70.0 .',

l

O. lOO
O. lOO
O. 300

O°

O°

s

- !

#,

RAt,TOE:

" i

:;;_AT-?_-P,I AL LABOR

,,:-_OST ...... COST-"-x .

i

P^oE t
-. . J.

a $
2000 MILES

]

l

/,

i

?

:},

TOTAL CqST PEP, FLIO}IT HOU2,s

J

"/ m

-f

i

r .

• .°

i

m

I " •
• i

• kFi L_ , •

,, : 7
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M _, M_.IAI,,TE,IA:CE COST CALCULATION

,, v,II,'l"Ilr:SIONATIOtI'8 U -
I!0. OF E?JOII;I-:S" 4

!clSSIOII SIZE .-
,m

CRUI{E SIZE,.")

TYPE: II_TEP.CO_I TURBOFAH

FAIl P,OT BLADES-

FAN ROT r;ISC---

FAN FP.A'I2e'STA--

BOgS ROT bI.A[)ES.

[_OC)S i?OT DISC--
i]OOS STAT #VAI'ES
L'OOS STAT CASE-
llPT BI.ADES .....
i!PT VA!,!E S
t'PT DISC-
IIPT CAST
CO:(,_U Si-O :_......
l.lPC bL!,OF.S .....

HPC VARIES
HPC DISC .......
t!PC CASI!:G .....
GEAR S_I'-
GEAR t.U_E A

C091.1"IO S':'STEY-

LPT S-rAT VAI;ES-

tPT STAT C,,',S!..'--

[PT ROT Z!I_ADES-
LPT ROT I)ISC---

TUP,B FPA':E .....

C&A_: I SC .......

sHoP COSTw

SCALE FACT

.t'ATE.qIAL, LABOR
.__C.!.tST.....COSZ--,

PAGE

I

(

T 0 TA L

TOTAL COST

%

I

o,

PER
.a

°

FLIGHT flOUR, S

|

°.

7 ,

L
f

• 930

°

RAI':OE : 2000
I

'rAT CST,q

/FL ;-{R /FL HR
0,34 0.15
0.03 0.01
O. 17 O. 07
0.09 0.04

0.01 0.01

0.04 0.03
0.01 0.00
2.28 ,0.98
3.7? I .50
0.29 0,13
0.13 0.04
I .78 0.7_

0.39 ' O, 17
0.04 0.02

O.OB 0.04

0.05 0.02
0.23 O. i0

0.08 0.04
O, I 0 - 0.04
0.07 .0.03
0.31 0.13
0.04 0.02
0.04 0.02
0.67 0.29

_-%____--_--

t

0.02 0.01 •
O. O.
O. O,

O. O,
-..

II .14 ' 4.78

2

]_ILES

• °

¢

LA3 CST TOT CST

4

/FL Ha
0.49

0.04
0.24

0.13
0.02
0.09
0.01

3.26
5.32
0.42
0. i9

2 • 55
0.56

0.06
0.12

0.07

0.33

i

0.12

0,14

0.I0
O. 44
O. 06
O. 06 '

_, l.lo
0.02
O.
O.
O.

4&.-9"2"-.

b,<,1

• • .I

%" .

I
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DATA S._,Vt-t.',- C0 O I ; ITF P,
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il2
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P,AINTEI,'A_ICE COST CALCULATIO._;

' DESIGn; SIZE '

ENGINE DESIG:_ATION:_U - CRUI_-, SrZED.
NO. OF E_'(_I r,. __.. , ,N_:5. 3 TYPe. TP_,_.!SCOh' TURBOFAH

p

" t,

FA:I ROT Hi AP.ES-

FA'! ROT DISC---

FAil F_A'(F ;',STAT-
FJ{'_)S ._?_T L.,I.AD[:'S
!'D3S ROY DISC--

W & Mr'(_i_O':S STAT _.,c..., .
FO?S STAT CAS-r,-
IIPT ;JLAD-S ......

l_Fl ......"" VA,,:zb
!:PT D ISC.......

.I'PT CASE ......
C L)'_UST3T?.....
:'PC 5I.A')ES ....
I"-)C VANES ......

!MC '.")ISC ........

!:PO CASI*:O .....
C.FA?. • SET .......

(::.:AirLUBE P,
C:'.'3.Ll_iO SYSTE)!-
I .'[ STAI" "'"="

( !.;q" STAT CASF--
[;'T ROT SLACES-
I PT P,OT D ISC ----

TJ;tU FRA:_E .....
C.'7_.%"TI SC......

7

,°

SHOP PART
CnST_. .... _ I :'DE X

!. !0o
O. "! O0
O. 200

I. 200
O. 05O
O, 200
O. 050
4, OCO

6, I00

O. _.00
_0. 400

2. OOO _"
3. IC.O

,0. 300

0.150O. 100
! O, 300

O. 500
0.250
O. 200
O. 700
O. 100
o.. leo
O. 300
2. 000 .
O. 100

rO,_

O"

:0.

.I
• i

i
1

_ ,',,AI =R IAL
COST

i

J

t

i

!

TgI'AL COST PER FLIGHT E_UP.,s

'o

e

! .

• °

.,
#

ii

• °

• ,

/

I

.°

0.

•... • .:

9.32: . , I

!

.°

RAtIGE

i

LABOR
_ Of]ST

!

.. "PAGE I

.

.700 ,,IILES

r

I

|

d

I

. °. •

ii-

1

0 _

o ,

i.



B

° • t.tA INTENA!4CE "Cry: CAI.CULATION _--

MISSION sIZE

EI,IGI:I!-:DrTSIGFA'FInH:8U - CRUISE SIZE,.9

NO. OF L:I;GIIIES: 3 .TYPE.IPA:_S,.,L,,, tULuOFAN
!

°

• SHOP COST,
SCALE FACT

•FAN ROT BLADES-
FAN ROT 5ISC---

A_ F. c" "FA,"I FR,, _!.-&.Yl A--
BOOS ROT gLADES

.BOOS ROT DISC--

BOOS STAT&VAtlES
BOOS STAT CASE-

HPT gLADES .....

HPT VA;,TES
HPT DISC ...... -"

HPT CASE-

CO!.!_USTOR .....

HPC 3LA:,r)r£"S .....

ttpc VAI'2S i
•HPC D ISC

!,(._ ....tlP8 C/,SI" "
GEAR SET
GEAR LUSE R
CO:)L I:lG SYSTEff,-
LPT STAT VA._;ES-
LPT S_FAT CASE--
LPT R{1T 5LAP, ES-
LPT ROT DISC---
TUR:3 FRA':!E .....

• C _ _' IS8

_'ATEP IAL "LABOR
COST COST

@

PAGE 2
,_

o

RANGE: 700 },IILES

UA? CST I.A;3CST TOT CST
/FL HR /FL !!R

0.35 O. 150.03 0.01

0.17 0.07

I' 0. I 0 O. 04
! 0.01 0.01

0.04 0.Q30.01 0.00
i 2.35 1,01

3.83 1.44
0.30 0.13
0.14 0.0'5
I .83 0.79

0._0 0.17
0.05 0.02

0.09 0.04
0.05 0.02

0.24 O.lO

0.0'3
0.10
0.07
0.32
0.05
0.04
0.60
0.94

0.02
O.
O.
O. • .

0.04
0.04
0.03
0.14
0.0_
0.02
0.2'2

/FL !tR
0.50

0.04
0.25

'" 0.14
0.02
O. 09
0.01
3.36
5.47
0.43
0.19

2 ._2
0.58
0.07

0.12
o.o"7
O. 34

0.12 "-
0.14
0.10
0.45

0.06
0.0,'5
0.98

0.40 1.34 "
o.oi 0.0"2
O. O.
O. O.

"0. O.

/

TOTA L

TOTAL COST PER FLIGHT !iOUR,S

• .

%

• . .

II

11"

..

933

. /

p

12.30

,,. . .

5.28 17.57

...

L

.,

,°

%,-

ORi_!NAL PA,'3._IS

OF POOR QUALITY

X.
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iF

(

f

/,

w

ENGI' _ ,,,,,_-*n,,.A_ I)ESI 8U TAKEOFF SIZED

riO. OF _"'nl_;ES" 3 TYPE:TRA;ISCO!I TURBOFAN RANGE: -700 .},IILES

i:;_ _- . " " .

. SHOP PART .,,AT___RIAL LABOR " -

._g&T INDEX •i"..C[3ST.._... COST .... .
FAN ROT BLADES- ! I.I00 "-7 "
FAN ROT DISC .... 0.100 i .."
FAN F.:_,,c ._,,, ......:STAT- O. 20,') - ' .....

BOOS ROT 51.APE.S 1.200. _'

BOOS R,.'-JT B ISC-- O. 050 . "- .-
BOOS STAT VA_:ES 0.200 l '

'BODS STAT CASE- " O, 050 1 :" " ' ""

" I i "- "HPT BL,,D:5 ..... 4. 000
" |tPT VAr,:F:S _;. 100 " "

HPT DISC ........ 0._00 -, -
IIPT CASE O. 400 .-

•CO_;_ UST:') R ...... 2 • 0¢0 , -
HPC. _L_,_-)ES .... 3 • 10C')-
HPC V,,:,_S O. 300
llPC DISO 0.150 " ,
IIPC C,,SI>O , O. ICO
GEAR SET 0.300
GEt,P, LU3E #',

r"_r . " •,
CO,.'3LI NO SYST_,. - 0.500
LPT STAT V/,_IES- 0.250
LPT ST/,T C,,._.:-- 0.20.0

r-'C , "" .LPT ROT BLADL:J- 0.700 : "
LPT ROT DISC--- O. I00

TURB FP,A!'E..... 0. I00

C_A&,, ISO- 0 300
_L:-'='" "" ' 2. OOO . -

/:.z i,- ..... /-"-- " O. I00 - :
--- 0." _ " :i

, _ ", -.

0.____-------_,

TOTAL - -
a

i

TOTAL COST, PER FLIGHT HOUR, S

- .° .
" "- _ • .L L " . ." F*

t . _ ; ."I . . .

• " 935 _ . . "

.

!

°.



1

i(
t

'4 '.

• t'iAINI ENA,:CE COST CALCULATION

?,!ISSION SIZE

EtIGIVEIDESIG!CATI,ON:8U
CNO. OF EtIO1,4,-S: 3

FAN ROT BLADES-
. FAN ROT DISC---

FAN FRA'{E&STA--

BOOS ROT BLt, D.uS
BOOS RtTI" DISC--
BOOS ST,_ __'V,,, _o
BOOS STP,,T CASE-

HPT BLADES .....

P PT VAt,'ES
HPT DISC

• HPT CASE-
CO,,B UaT,'],--
HPC BLADES ....
HPC VA}ES
HPC DI SC .......
HPC CASIVG .....

GEAR SET .......

.OEAP, LUJE &
COOL ItIG SYSTE?'-

• LPT STAT VAt;kS-

( LPT STAT CASE--
. At.,... LPT ROT :.3L,..DES-

LPT ROT DISC---
TURB "' "'rr?A _a .....

5e Ae,:'ISC,

- TAKEOFF SIZED
TYPE:TRAHSCOH TURBOFAN

SHOP COST* _,',ATERIAL LABOR

LS'CA L E FACT , COST CnqT

TOTAL .........

TO'rAL COST PER FLIGG HOUR, S

°
I

C

o

! .

r
%

- .

.

%-.

• r- •

" t

..

",

• ,

RANGE :

la./ "-
., =o

%

J. ..

936•

.% :

° .. - .

PAGE 2
l, • ..

700 }.likES

?,(AT CST
/FL HR

0.36
0.03.
0.18
0. I0
0.01
O.Oe_
0.01

• •2.44
;3.97

0.31
0.14
I .90

"L0"42
0.05
0.09 :
0.05

0.25

%

0.09
0.10

I 0.07O. 33

!:o,o5
: 0.04
: 0.71

0.97
: 0.02

"0,

O" ,.

O.

LAB CST TOT CST

12.76

/FL ttr
0.16
0.01
0.08
0.04
0.01
0.03

O. O0

I..05,
"I,70

0.13
0.04
0.82

0.18
0.02

0.04
0'. 02
0. II

0.04
0.04

. 0.03
0.14
0.02
0.02
0.30

0.42
0.01
O.
O.
O.

5.47

/FL HR
0.52
0.04
0.26
0.14
0.02

0.09
0.01
3.48
5 .-_8
0.44
0.20
2.72
0.60
0.07
0.13

.0.08
0.35

0.12
0.! 5
0.11

'0.47
0.07
0.06

I .02
I .39

0.03
O.
O.
O.

• • . • • -"

18.23

.'.

• . •

• t

• L,,-

I •

t I • -
!

#

i

-°," ..

".L

,. 1



I

"" I_AINTEt#A_'rCE COST CALCUCKI IC:I

f

DES I O}'2 SIZE

FNGINE DESIG_b\T[O:I:8U -TAKEOFF SIZF_= " •
NO. OF E,'[GI_;ES; 4 TYPE:IIrIERC_ TUR,5OFAN RANGE:

j

, "" ' SHOP PART ,t(A-J.'ER I AL LABOR

• i rNDF_X c 5"-r\
FAN Ro-r BI_AOES- I. I00 " .....

FAH ROT r)]_c--- o, !oo i
FAN FR^.,_,_ST/,.T- O. 200
BO_;._ ROT [_LAD[_S 1,200
BO{]S R(JT DISC-- 0.050 _
B095 5TAT VANES 0,200
BUDS STAT CASE- O. 050
LIPT DL,,:,: ..... 4.0OO
HP'f" VA KS ,4. iOO
I-{PT DISC - O. 600
HPT CA...: 0.400

CO,|L, U _T,3 !,-..... 2. OOfl

HPC bLAb ",: ..... , 3. 1O0
HPC VA.,'ES O. 300
HPC DISC 0.150
HPC C._Sl:k, ..... O. 100
GEAR SET- ....... O, 300
GEAR LU3E &
CflOI. I/IO _',,cT_,,oz.,l= _- 0.500
LPT STAT VA[;ES- 0.250
LPT STAT CASE-- 0,200 '

LPT ROT P.LADES- O.700 l
LPT ROT DISC--- O. lO0 t
TUF_B FR'd_E .... O. I00 I

C& A&',,' I SC ....... O. 300
---- Cv#Z,d

O. 100
-0.

O.

TOTAL ....... _

(

PAGE I

2 000 t,,'ILES

!

v

.°

#

o,

/

i

,k_.

TOTAL COST PER FLIGHT HOUR, S

i

"° .

, • .

o"

k

i .

o.

. °. •

O3'7

,1

.

. e

,a

t •

?

/

• •, ',

%-



,¢.

ENG IH!'=

NO. OF ENGINES:

k_

MAIVTENANCE COST CALCULATION

DES IG,HAi"I .n,N: 8U -
4

SliOP COST*
S.¢AL E_FJ_,.CI

FAN ROT BLADES-
FAN ROT DISC---
FAN FRA!.I r: &STA--
BOOS ROT i_LADES
BOOS ROT DISC--

BOOS S]'ATAVA_ES

BOOS SYAT CASE-_

HPT BLADES .....

HPT VANES ...... "
ttPT DI SC
HPT CAS _:
CO_4BUST[]_?-'---"

HPC BLADES .....

HPC VAriES ..... -
HPC DI SO .......

HPC CAS ITIG-------_

GEAR SET

I.U3 E &
CooLGEARING SYSTEM-!

LPT STAT VAHES- 1
LPT STAT CASE-- l

(_,,,LPT ROT BLADES-

LPT ROT DISC--=
TURB FRA!(E

c I sc .......

./"

b--

  isslm:sIzE

TAKEF] FF SIZED

TYPE: lhqERuO I TURBOFAN

MATER I AL
COST

LABOR
RnqT

TOTAL

TOTAL CDST PER

." -i

° -

FLIGHT

° .....

HOUR, _ .

.'. ,°

%

.!

.938

.

)

°

RANGE:

PAGE 2"

2009 MILES

,I.IAT CST
/FL I_R

0.35
0.03
0.17
0.10
0.01
0.06

0.01

2.37

"3.86

0.30
" 0.14

I .85

0.41
0.05

0.09
0.05

" 0.24

0.08 "
O. I0
0.07

0.32

0.05
"- 0.04
0.69

LAB CST TOT CST
/FL fIR IFL ttR

oQ,.15 0.51
.01 0.04

0.07 0.25
0.O4 0.14
0.01 0.02'
0.03 0.09
0.00 0.01

I • 02 3.39
1. ,54 5.52
0.13 0.43
0.04 0.20
0.79 2.64

0.17 0.58

0.02 0.07

0.04 O. 12
0.02 0.07

O. I0 0.34

0.04 O, 12

0.04 O. 14
0.03 O. I0
O. 14 0.46
0.02 0.07

O. 02 O. 06

0.30 0.99

- --0._:_¢----'0.04- ........ 0 _rt_¢ I.'I"
0.02

O@ "

O.

O.

l

II .56

0.01

O. ,

O.

O.

4.96

• - : "

0.02

O. ,

O.

O.
?

!'Tr)

,v

I

"%

!



9.7.3 Preparation of Evaluation Input Data

MFI2

P/P 1.71 Var. Boost

Baseline Cruise Sized

SLS TO Fnl_ 33150 38950 31950

Eng. Wt.l( _ 4444 5732 4475

Cost _J_ _ 534.7 622.5 558.2

Nac. Wt_16[ 3090 4574 3678

Nac. Cost c 329.8 434.8 371.1
l

Fn-D it_ 8306 10127 8306

29137 23900

629

9350

SL .25 TO Fn 25553

Drag l_, "431

95% MxCr Fn ;_9

Tri SLS TO Fn 20000

Quad SLS TO Fn 21000

- 19276

20240

8-U P/P 1.55 Var. Boos

To Sized-Match 7-U

36047

+31 5202 +758

+23.5 596.5 +61.8

+588 4200 +1110

+41.3 408.7 +78.9

0 9372

26905*

582

8653

21747

22834

Maint. $/FH Tri 22.38

" " Quad 21.76

21.96 -.42 23.60 +1.22

21.36 -.40 22.90 +1.14

*Same as 7-U TO Fn/.25M

939
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c-- -:) s( _--l_.IJ_C,
_r .

[, [:ENGI '-

f,{lSS I0_,'
oU:,S, I'fUT ! 0.'!( .,V.ATKi?IAI. _- '" ""

r- _*r-

-.... FU_.I.PP,I(._:
I[D ST C.3?iP[]1;E.,'IT

-I" T8U STAR G=A,I

TRIJT IO.SFL
I Q I:',"vvVAiBST

$0.30
" ---_ r- -- 'D-") C --US]t ,L=C IU..D-, A,,,

CP, SIZE
FOR },{F ! 2

t';ITH

a

IF

PYLO?1

rKr
1)/

ii

E FF ECTS

• PARAI.!ETE:F_S AFFECTED
ETAB. •..

"L

i

I

!

FN, LBS

DEL DIRECT "IT, LB
DEL DIP,ECT PP, Ks

DEL ,V:_.:!{,I,C!,'.;{/FLHR

DEL /[}.(A,. $F!.!A/FL ,I-{R

,C}tAUGE
-0.65 O0

DESION SIZE
F

• BASE REPLACE

33156; 31950. -

"IOTA L '"",,L:IO!{T, LB 4444.

I'OT I:IIT PRICE, KS ?,:.E

IIAC _iEIOHT, LB 3090.

NAC PRICF., Ks 'Mz-

SFC - . 0.5790

SFO I'ISTALL 0.6138

" I{ISSIO_I.
SIZE

TOT DEL '"- Tn,,'-.,_-.-.':_i,100# 0 20
DEL ;'/T I) IR " 0.16
DEL I',T CYCLE 0..04

"TOT DEL P_?ICE, ?'S %_,%_
DEI. PRICE DI2 I:_IT 26.51
DEI P?,IOE DIP. REP O.

DEL PP, IC71 r_IR TOT
DEL PRICE CYCLr: " 0.74 ....

?:l!.fi-t, 7.(,"_I/FL H_

E_A, S?{:,AIFL HR

-N

100#
}(s

- DEL

DEL
DEL ;;SFC
DEL .... "",_,,:,20

IlAC l',E I G}IT,

[ IlAC PRIC}!,

"_" TFiTA L
i

DELTA

o

O.
-O. 42
-6.59
O.3129

3.34
40.71

°
°

31.0

" " 35. I ,
O,

. -O. 42
.%

4483. 39.

t_ 36.

3673. 533.

_;-_2, : .61.

0.5348 -0.0442
0.5733 -0.0404

_PDEL ,,DOC

O. 03 37
0.0279
O. 0062

0.2053
• o. 194,4
0,

0.1946
0.0107

O.
--O. 0942
-2.58'31

O, 5574
,.. O. 29 88

I --I . 5 _ 9 0 I

[ 941

J

i

I..11SSIO,._I•SIZE

BASE REPLACE D ELTA

2oo. . 192"69.

¢
L

2.362. 23£,2.

i}72. 2106.

i

20.
27.3

333.8
40.7

DEL _-'ROI DEL %TOG;I DEL ,%_F

-o.oi23
-0.01 CO
-0. 0023

-0.1235
-0, 1193

O. "

-0. I ! 93

-0. 0042

"O.
0. OI54-

0.7310

-0;2026
-0.1_32

0.22:; 8

0.0633
o, 05 21
0.01.17

0.O517
0.0422
0,0095

-3.10.33

I. 0547

I
#

i

-7.1847

0.8411
|

*r,)

-I . 9:398 '6.2919

/. "' ORi&INAL PAGE IS
OF POOR QUALITY



- _-L,, U,/_ U...1,L; _ t,

' ENG T,__'''-

;,;!ss Ir)_'
MATFR I ;_L SUBSTITUTIO!i
FUEL P_?ICE
HOST CO;,:POb!E.WT

-L *

PARA,tIET[iR$ AFFECTE'D -
ETAB ....

:.,

• s

a

/

FN, LB S
DEL DIr,=cI lIT, L_
DEL DI" _ " "P,_Ci PP, K.
DEL 1,'.Mi{, !:'-;H/EL HP,
DEL MqAI. ,-,..1_,,r_ HR

"IFOTAI..WEIOVT, LB "
TOT IHIT PRICE, KS

NAC }/EIGHT,
RAC PRICE, K g

SFC .
SFC IN'STALL

.,

• I

LB

°.

.I

TOT DEL I,'EIG,tlT, ICO#
DEL WT [)IR
DEL ',Tf CYCLE

TOT DEL PP.'ICE, z._
DEL P_IC.E _DIP. I!;IT
DEL PRICE DI.q 2EP
DEL PRICE DIP, TOT
D,':I. PRICE CYCLE

DEL' 7'_'.!'{, ,','_',H/FL .HR
DEL I,;!:!A, SL',;.,',A/FL FR
[)EL %SFC

{#, e,yDEL ,;,,t,2C
.HAC I'/EIGIFI', I 00:;
NAC P;?ICE, KS

I'OTAI_ ...
k

8U STAP, GEAR

OUDJT IO.SFL
I • 55VARP, ST
sO. 45
USTEOLEC TUP. B

•/' ,#

CHANGE
,-0.65 CO

DES IO.'_ SIZE
BASE REPLACE

33156. 31950.

t

4444. 4_. 4_3..
. q'o'a.. _,-_ b

i

Dr L r,Z.

31.0
42.3

(')."

-0.40

• _9.
44.

3090. 3673.

0.5790 0.5348
0.6138 0.5733

MI SSIDN

, S!IZE

0.21

0,18
0.04

CP, SIZE
FOR

FAN
•o

583.
l' 74.

•-o. 0442
-0, 0404

32.84
O.

0.87

DEL %DOC

''041

-0.40

-6.59

0.3120

3.52

50.99

1 0 " 0472.
0.0392
0 •0050

0.20:36
O. 1977
O.

O. 1977
O.Oi 09

O.
" -0.0954

-4.6493

O. 7682
0. 3070

: -3.39.40

942

LIFI2 TF

WITH PYLDN EF#F_CTS

• C

.%-

DELTA

I " ' t{ISSI_H SIZE

BASE REPLACE

2 i 000. 20230.

2511.

o'i

1870.

. -

DEL .;;RO I

-0.0194

-0.0161
-O. 0033

-0. e033
o.

.0,

O.
" -0. 0033

.-
O.
O. 0468
i.62&6

-0.3244
-0. ! 907

I. 1354

DEL

2532.
"1%\

l

22 22.

,, ?

?

21,
33.7

351.9
51.0

¢ t ,"_' , •.,OO,I DEL ,_Wr

O.OSII
O.0574
0.0137

-4.2803

O. 0,4,'4.0
0.0548
0.0112

/

-9.4633

I. 101,1

-8.29.59

J



X

(
%_...

r

w .

li_PUf ,l,t.-E Or: DATA Fib:
a:O U._JJ uC-, ,,

c,,uIJE

. * C°'( _ -,,

t,_.k'/t:- I AL SUbb'fl TUT!',-]:I
t:Udl. Pi idE

CLi,,,r'U:I t-_I iliOSl .... ' .......

j

. PARA,'4ETZ'-S AI"r:':c:';_:_,'_--_.-'-, "
EiAB ....

4 "

l''.

FIt, LLS
DEI. DI,ECT 4E, LB
DEI. DI "" P:_,:_l',. i <S
DEf..',it':_i, K: d4./IJL :i_

.Di'L .,if:A., S:.;,%",/v L [{l_

Tdi'AL ,,Fit;t/f, 1.3
[Ul I' f-'" "E ",,, I k,I , r,.$

/

( iJAC ,,E,,.,,_i, "I.g
>vitAe PkIrjc, KS

x

SFC
SEe I ;;ST;,I-L

I

.I

GU ^" " ;:::_Ebin- q,.'.

OO-'J/ " th

*

i

SIZE

1 •55VAi_DST FU.:i i,,F I 2 TF.
50.45

.., USi'EOt..EC Tb',-i_ FA:I ;'/I'f!t

i .2

%,flt_i,'Q_", ""

-0.6500 :
o

o.
'r, _"

i

,, . .

"DESIG ,,/ Sl v-: '
. /._ 1......

BASE: Re. PL:,,..r: DELTA

33150. 36047.

%
|

..°

4 4-;4. 52 i Q.._
to tz"

f-, I 43_9. ,19--,,

_q"/ "1; ._'"_/

o

0(5790 0.'3248

"/58. O.
111.2
O,

1.14

766.
i!3,

141.

0)42

0.¢,136 0.5733 "

},'ISSIu:l
SIZE

".i'UE DILL ,,::I-" ':" ''"'" vil,, IC..,:- "4.33
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(
i0.I Turboprop - Introduction

A review of the turboprop engine was conducted in Task II in an

attempt to further optimize the system. The following items were

investigated:

I) 3 Stage LPT - page 10-14

2) Variable boost cycle- page 10-15

3) Review booster efficiency - page 10-26

4) Increased LP turbine speed for 4 stare LPT - page 10-27

5) "Installation Sized" engines - page 10-93

In addition to the engine review, the basic aerodynamics with

advanced technology weights was chosen as the baseline configuration.

(
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10.2.1 Turboprop Cycle and Performance

Attached is the cycle data defining the Task II

turboprop cycle along with the 35K/.8/0 operating line.

Table 10.2.1-1 presents the calculation leading to

installed performance.

The use of the attached cycle data is the same

as that discussed in 5.2.3.
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*Indicates a corrected flow 948
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10.3.2 LP Turbine Aerodynamic Definition

Attached is the aerodynamic design computer output,

bladeNo, calculations and heat transfer analysis output

for the three LP turbine_. Efficiency buildup is also

attached.

: With a reductionof pitch diameter.

In the final design of the baseline 4 stage turbine

the rpm was increased from 6!50 to 7130 @ 35K/.8/+IS°F MxCI

The LPT efficiency

.was held the same as the_buildup but the LP cooling flow

increased to 2.55%.

(
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717.5
815.4
TAHG FORCE=

wo= 5 I., 90
30, i25

• "423,,52
I8.60

18!3.8

• 48;4i
976,1
0.520

772. I

_[i_=5|.90
30.725

489.87
-. 14;oo

12.14
2.0994
1521.5

0.940
1460. I
_2.39

110.80
0.318
S52,3

146.3.1
0.804
787.4
680.3

513.5
37,o5
o.J!Z/V3

323,3
692.6
TAL'3 "' r:FOr?C'_'=
I .235
0,389

t "_ _f/ OEf#ERAL STAo:- REbU[.TS

ETATT=O. 9CX3 ETATS=O. 742
975

TIP

32 "8O0

/

34.200

• 17.Cq
1 ° 4952
1577.4
6.2-. 40

1492.6

o.787,

1323. I
I .0_1
63_. 9
547,8

3485.8

34. 600

19.31
1627.5

33.01
772.7
0.406
886.7

35.8 O0

"12.31
2.0708

14:5,
63.39 "
96.4I

0,457
810.6

1519.0
0.831
917,5

440.7
32.9"1.
0.372

I .e61
55I .4
735.3

3514.8
0.922
0.449

4

It

I

| •

,.

r

\°

!

°

• o

¢

o

, . %



A

(, ,

._.-
STA"

STA

(

STA

, • )

ROOT

.25.659

0 tcOZZLE I)ILET

DIA'!ETER

AN'IULUS AREA
]'TO

PTO
MO /

IPR t:OZZLE EXIT
DIAULTEF?

AI,_JULUS "AREA
FF (f-LO _/

PSI _.

PTSI I , :
TS! "
ALPIIA
VI

Y.I,
CZl

CUI

ZI_ -

FNA

F_fI"

NOZZLE AXIAL FORCE=
I L_UCI'ET II;I',ET
DIA?'ETER

ANSULUS AREA

PTB

, TT3
BET]

MRI

•IVI

2 EUCICET' EXIT

DIA':ETER
AH,'IUI.U5 AREA
PT?

PS2

"PTS2

T_2
T?

TS2

BET2
DLBA

.RX
V2

22

W2
CZ2
CU2
St tRL

"MF
\

2IB -
FB,{
FOT
BUCKET AXIAL

PSI

WIVO
#

I

W[];_:C=54.9_

. %

25.650

FU,'VCT I ON )
6.85

2 • 043,6
1276.5
67.22

1820.3
I .062

1678.3
0,985
426.4
501.7

2184.8

25 ,;650

9.5':)
1390,2
56.49

1222 • 2

657.4

6.20
2.2558

I

1250.2
57,3S

114.05./"
0.100
895._

1374.2
0.8II
457.4

501.7

34_07
0.437
!.793

: 45;6
374._

STAGE 3
P I TC H

,WG= 51.90

30,375

50_.31

1521,5
14.00
O, 444

wO -_ 51.90
31 •825
617.33
! 44,_4

8,59
• l,6289
1349,5

62.4:3

1525,3
O, 865
704,8

1353, I
I, 142
35 3. ,_

543.5

TA f.:O FORCE=
i lO= 51 ,90

32.025
,641,39

10,14
1408.- I

37.9S
851.4
O. 482
820.7

i'iO= 51 , 90
32.825
739.91

'c .7.35
_,35

2.2050
1313,n
0.960
1257.4

58.97
96.95

.O. 37_,
839.1

1439.2
0.845

841.2
741.8

, .392. I
• 27.34;

O. 43.5_4
!, 293
227,9

423, I
FgRCE= 1534.6 TANG

I.592 O, 99,5

0.340 0;42.o
w

GENE_AL STAGE PESULTS
ETATE=0,903 ETATS=0,735

. 97_

TIP

3_. I00

38,000

9, 69
I, 4445
1389.9
58.11

1334.2
,0.746

i 133.2
I. 259
290,8

569,7

3356.2

38,400.

lo:84
t429.9

11.5_
1185.o
0,382
984. I

40.000

6.42
2.1796

1_41. I

61.15

.72.72
0.530
806.6

1537.6 '

0.902

1025. I

321.7
23.45
0.435
0.940
407.6
453.0

FORCE= 3035.9
0.482
0.519.

%

I

• q

f

• ¢

I
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#"_T T"lr" • tr" ,-_r-

ROOT

25._50
i

Q5.650

4.46
• 1.66,90

115B.3

•.60.12
1451.4
0.885

1258.4 -
: 1.200

156.6
265.8

FDRCE= 969.3 TANG FORCE= 2336.8
}','O= 5 i .90

25.65,0 33. 575 ', 41.500

5.53
1225.'S

38.02
975.9

,0.59

25.650

4.10
I .81 44

1133.5
47.22

• " 85.24"
0.100
740.7

• 1073.4
0. 660
657.4

, i3o.5
10,15
0. 449
I .718

27.6
180.7

PITCh TIP
f,'lO= 5 ! ,90

• 32°975 40.300

•- 758,83
13!8.9 •

. 7.45 ..
0.477

NO= 51.90
33. 875 .42. I00
875,32
253 '03

5.30 5.73

I .4055 • I .2990
1209.8 1234.0
52,81 ' 46.68

1196.2 1053.9
0.714 " 0.623

•723. !
• 952.9 76,4.'7

I. 349 'I .407

I17.9 • 89.0
284.1 ' 293.8

,6.56
127d.4
-20.39

820.2
0.486

1063.6

4,4.7 O0

AXIAL FORCE= 1203.6
I .014
0.417

GENERAL STAGE RESULTS

ETATE=O. 897 ETATS=O. 704
977 . • "

J

835.92
5.98 -

1248.9
7.48

775.4
O. 464
8,40.5

WO= 5i .-90
35.175.

" !o52;56%...-
......_J/i

4,11 4.12
!._107 1.8091
1185;5
O. 960

1139. I - 1139.4

,. 53.BI 59.15
6! .29 • 38.75
0.373 "0.505

735.3 732;9
1234..9 1421.6
0.760 - 0.874

901.5 1145.6
.. 729.1 ' -

95. I 74.9

5.860 0. 448
! .045 0.685
126.4 220.3
201.6 213.7

TANG FORCE=_: 1920.4
0.565 0.359

o.T55-8_ o. 7oo
l

°

w

!

%- ,.

j.

i

l

I

• L •

\
I



• OVERALL TURBINE

IN/Tt'EXIT- 1.62.1 PTI'V/PTEXII'= 8.594

_ORK= 201.99 ETATT=O.918 ETATS=(}.S77.,

• !
) • •

RESULTS

PTIN/PST'XII", 9..843. - _..... >
PSl= 0.966,

*LIST FVTD IN : ,'"

5 TP5. ;4-STAOE.LPT ,,,

|00_ .0_I ,53.3,4,1922,40.48

20 1,0,51.9_;0,0,0
30 52, .96',.I..97,.95,1,I,90,90, I.0

40 25.65,29.3,25.65,31_I,25.65,31.4,25.65,32.4
50 2 10,51 . 9,5B74,0., 0', 0
60 60,_.96,.I,.97,.95, I ,I,90,90, I.0
70 25. _5,32.8,25._,5,34,2,25. _5 °34.6, 25.65,35.8

80 3,0,51.9,5874,C),0,0 /
90 55,.96,.I,.97,.95,1,1,90,90, I
I00 25.65,36. 1,25.65.3_.0,25.65,38.4,25.65,4"0.0

llO 4,0,51 .9,5874,0,0,0

120 35,.96,.I,.97,.05,1,l,90,90, I.0

130 25.6D,40.3,25.65,42.1,25.65,41.5,25.65,44.7

B

ready

r

/

q

• #

- ,.;

i

.°

)

• a

k

s

/

\

V

./

f

I

I

]

I -,

. .

•- |

GEIIERAL STAGE RESULTS

HD!)K= 52.05 ETAT£=0,902 ETATS=0.746
978

o-_,.

!

°

....... •)% ....... • ............

f
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(

_

k

IN

I12

Z I'.4

3_'--I

3R

zlr.4

k

3, iz_.

"3,_2:

g'._)c

LF

_,,O

2,?

";3.g

,4,3
_,4b

g,O

/

1,13_

t.J£?
I,_

],36

/,6_

2,24

I,)ze_

be __

(,2,35

&o,2_

6£,42

_,2,,q

L 2,'_g

Cg,9_

L_ IF

,@7_ I, 3 ,'_;

,_,_ i, 14"2

,97 1,3z_ ')

I, oF_ [ i ,o#.

979

P
l,_z/

,_

,q_ 7

1,13_

I,_'P
1,314

_p

3_,35

32,42_

3 z/,_7_"

7_4

112-

g_

"7"2

Be,

_V

,792

,'_/L,

,_41

.D4'

3



"'T_> -

. . "" _ •

. PFI "

PD_'l "

_-re4 Bp -

........ TC-

C_"

" N _lv,tC-_ "

I'7 :

" _1 pr(H,,

DP "

" - t'41"'S "

I.-t T-P.
..... +i F "

t.\:x -_1

8t.

......... t3z

IK

" C PC.

" pi_ HO

k/IS<..

r_k,':.S

" I_ P

\A/G--
\

,, . --q-.f ....

-- .t 1_O'\
f_4, ,,,,.Ak" ' I

I

_J<<_ !-')L!,,<--;,Pr_;,.i.,.,,,,- vie;,_.-,,_l/4,.,rc.

r 4,+oo'-4+'o/ '1- -/
-n,rk;,-_ e<.<=1/_,o'<_'4__-,k _'_i <"it "!_i_*,-<:

" " 1 " ;, _+ (,_l/_-d
',1 ........ ) :

- p - _ - .. !

b4_,4,,I<.J4,-,d<_rL-)I ....I I.......

•,,,,,'/_o,_!_-...L<_Io>I_'_,_-II I.

-f>,-l<-_,D,<,,,'a-'+,(;k_ /_ I .......
- _<.,7,_4 _,,-(.;,,_,_7._,<._,!sl,t<..lt;,,)I
-._; "i __!'_1....." ...>pl,_<<_<,s,J-.4 ti,,._......
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I

r

\

EI41ER LE'VEL JF COULINO TECI-iNJLf3GY DESIRED

-'B / .

CO_SI:ANT C=O.0b6? HAII',CP=O.020?

N= 60 ZI HTCH =I.O73 DP=2B.38 HT-S= 2.72

AX ¢7= J.14 dl= O. b2= 62.3 K= 0.050

Pit flu=0.6922 vISC= 0.318E-04
RE P= 0.403E. 06

_ S= 0.303;2 Co= 123.d

"",COuLI NG TECHNOLOGY

21tCCP/AOriO= O. 76

AVG GAS PEAK GAS
TE#,P k T_'MP

2307.7 2647.6

B -CU.RRENT FI I,_

i

STAGE I BUCKLT

- . .

:'. |

". o

HT-P= 1.62 P= 3.334
CPC= 0.2561 AG= .45_.i4

Ub LK

"rE#,;e ,4
22o0.0

- Z,._

• "z_.z 5

COOLANT COOLING COOLING FLua
YE!4P t:t- EFFrLCEIVE:4ESS %W20

1245.0 0o27O ...... 0.774,

J •

"1"

"- ...... i ....................... I ....... , -, .

PLUS #........ '
981

• . . .

°

,_ N0=0.o927 VISC= 0.306E-04
"_-,_E S= 0.54vE 06 _E P= 0.328E 06.

i'(G- 123.8 ; ..

CduLINO TECHNOLOGY C+. -CONVECTI'01_

EN:I'ER NO. OF AIRFOILS _4,JDAXIAL 41DTH " -........

. = i i 2, i . I 57 .......................... "................ -.-'_.L._;' .................. fi= ........... "
EN j ER TB, _i"_C ;

. =2299,0 ..................... " ....... "......................................... " .................. " ........
" ENIER PEAK GAS TE/._P, I_ 0 PROG;iA_ hILL CALCULATE _ : _.- .................. : ....... " .......

ENTER LEVEL OF CUOLINO TECrlNOLuGY DESIRED .
=C'l" ' z ... -_ ............. ' .......... ....... :.

..... = ..... . ...............

.. ; . • *

CONSTANT C=0.0567 HA/I',CP=O..0394 • " s

=i 12 ZI PTCH =0.954 DP=29.03 HT-S = 3.38 HT-P= 2.88 P= 2.982 ...........X _= i.16 _1= 45.1 B2= 60.3 K= 0.047 CPC= 0.2561 AG= 1045.35



lEa t,iO.OF AIRrUILS AND AXIAL _IbT1-i .... .

,;'-=93, I. 453 " ........................... C........................... '.... "_............................. "-...... _-T--

./ENIEff "fB,;_r_C ' " . - .- , ) -
/ 226o,o .......................................... ,--, ..................

( ._TER PEAK GAS TE:4P, IF 0 PROGr(A',I'hlLL CALCULATE , _'_ ...... -
_,...,'O "

} . EN/Eff LEVEL OF CODLIN(5 TECHNOLOGY DESIi_ED .."" ,_

' :B :- /

, • CUI_STANT C='O.O567 HAIi;CP=O.O430 .
i

i t,l= 93 ZI PTCH =0,6"27 DP=29.92 HT-S= 4.27
: , _", AX _= 1.45 51= 32 0 62= 65.4 0.046

i .PR Nu=0.6931 vISC: 0.297E-04
RE S= 0.690E Oo kE P= 0.292E 06
r;G= i 23.8

COOLI 1',2_ .r,_HNGLOvY B

2,iCCP/AGHG= O. i 9

AVU GAS PEAK hAS," BbLK

I'E,,.P h TP_./_P k TEt4P R
20"/8.0 2300.5 2200.0

'CURRECG FI L_

e. . *

/

COOLANT
"LEAP R

, .1245.0

1

HT-P= 3.58
CPC= 0.2561

ii

COOLING
EFFECTIVENESS •

O. 090

- 1 ....

P: 3. 978

AG= 1452.21

I

!

COOLI NL_ FL{]_
%i't2 C
0.412

• t

'982

°,

cOOLI_IG

EFFECflVENESS
O. " O.-

COL]LI ,_,lO FLOi_
_o"W2C

,e

=

I

°

AVU GAS PEAK OAS BbLK COOLANT
]'E_P _ l'u!4P K TE_P R TEt4P R

IV29;5 2132.5 2245.0 1245.0

CUuLIhJ TECHJULOUY

2WCCP/AGHG = O.

C + "-CUNV EC:TI&'4

I

PLUS

N= 90 ZI PTCH =0.-379 DP=30.i3 i-iT'S= 5.08
AX W= 1.59 dl= 48.4 b2= 62.4 K= 0.043 CPC= 0.2561
PR NU=0.6939 vISC = 0.2_4r--04
RE S= 0.501E Oo RE P= 0.322E 06
ttO= 123.d

HT-P= 4.47 P= 4.198
AG= 1004.13

STAGE 2 bUCKET " .... I '
!

ENJER ,40. UF AIRFOILS AND AXIAL ,'_IDTH - :

_(  2o,!.5 2 ....................................... ....... ,........ : ...................................................... :-.....
.._-N i'E_ TU, :,;,_C , .

=224o, 0 ................... . ................
E;_'lEff PEAK GAS :I"Ei4i3,IiL C)PROC_,_(A:,I,,ILL CALCULATE ,

_'*0 i i"

ENYEk LEVEL OF CL_ULING TECHNL_LuGY 5ESiRED .... ,
=C. I. \ . • =

CU,:,_SfAi,i] C=0.O667 HA/,',CP=O.O439



" .'_ ,. 5"I-AGL ! ................ "

,_A _ ROOf PITCH TIP,"iG= 51.90-_ \i,L_ZZL_-
DI A'.!E i E_ 25. 500 27.425 29. 350

T-- I . •A,,HOLoS A,E^ 165 E5

X,._..-

Si'A

SI A

S'iA

\

.

FEU .,- ._. 40.48 •
t.',O - • "- - 0.420
IMi hOZZLE EXIT WG= 51.90.
DIA#,-:IER 24.7GO 27. q-_elo. 31 , 050

AO!IuLuS A_:EA "" " 278.04 "
,Fr_ (rLga rU;_C:'IC_i) " 56.21 .,
PSI ' 19.33 22.44- 24._6
PTSI. 2.0944 I ,8043 ' I. 62._}4
TSI 1614.9 1672,4 I 713.,3
ALPHA 69 •09 66. 6,J 64.35

Vl 20dl .6 1676i3 1115,9
_'_I I. Oo 7 0. 963 0. B70
CZI 742.8
Cui 1944.9 , 1723.4 1547.5
ZIN O. uo7 O./21 0.7_0
l-i,iA 1369.7 1277, 2. : Iid9.4

. p-

P_4T I105. rl I156. I II.24, 7

huZZL: AXIAl, FURC::= ,;n55. i TAI;G HL_RCZ= 3670.5
I ao":.,/,t"l I;,LEf ,iO= 51.90
DI A, ,:- i Ft¢ 24. 600 2 7. 950 3 I • 300
A;4_oL'uS At_HA .294.19
FEB 27.27 28.15 2P. I0

"J'EB 1755.9 ( . 1707.2 ' 1719.9
bFfl 60.21 51 .d5 40.50
14.1 .139t.2 , II19. I 913.0
l,'t_ I -. O. 729 0,.573 0.462
i', I 7_T_. 3 841, I 9,1. I. 9
2 BoCKE_ EXIT ,_G= 51.90

bI A,,fl_ 1E,("23.9Or) 28. 225 32. 550
A,£iULuS A:_-A ., 3L_3.50 _

Pi"2 . " ,. 20.40
PS2" 1 7.33 I 3.79 18.08
P fS2 , 2.33on 2. 275_ 2.2390
] J'2 1655, #

"iF . 0.960
T52 1579.6 I 5_9. t 1596.0
br_.T2 , 65. o7 65.99 06, II
DLbA -125.o5 II?.65 .... 10-/.21
kX . O. lOO 0,250 .0.405
V2 95b. 8 881.5 829.3
k2 1567.2 -- 1566,6 1633.0
_,'ff2 O, d28 0.835 O. _58
,,2 71Y.2 649.3 979.5
CZ2 - 645,7 "
Cd2 706.8 6C)0.2 52Q. 4
S,_RL 41.o7 " 42.91 33-. :f,-/
_,,F ' 0.341 0.340 0.339
ZIB I .344 , I. 162 0.993
t.UA . .--F16.6 463.4 706.5

l-[£i B9o. 5 992, ? 1007.0
_OC,(EI A^IA[. FL).-,.CE= 20,")4.3 YAhG ru}_CE= 42P4.5
PSI ! ,7o3 1 ,314 I .01 7
t;/Vd 0.329 0.361 ' 0.433

/Aft if"

. p,.I w.Z; 715o

I

II

I

I

%

, •

hal?k= 14.08
GEhL'fiAL SfAL_E Iii_:SUL: S

E rA', T=O. 904 _ ETA'i'S=O, 1o3
983



/. , Roo: p::cH

/'. ,/IA 0 I,DZLL,- It, LET ' _,O'- 51.90

/" " bIA'.i,:lE,_ " " 23.Y5") 2b.300
.A,J,oLuSA,, A 4o4.53

I "I fO . " : - 1655.9
• " PrO "" 20.46

---- l.'d 0.433
• SYA

i

IPr{ t_OZZ'LE EXIT

DI A!;tt/'_ _( 22.65,0 "
ANNvLoS A,;EA
i-F (VLO,I
PSI
PfSI
3S I
ALPHA
VI
MI
CZ1 .,
Col
ZIIJ
l-lIA
FNT
NUZZI.E

t-U[;C;iIOI_) •
_.47

2.4149
1337. !
• 72.56
20dg.r)
I. 193

19P3.n
0.7o9
680.3

- 607.9

'aO'- 51.90
28. 700
545.49
103 • 23

II.73

. I. 74461
1 446.5

68.30
1692.9
0.930
026.0

1572.9
0.941
565. !
681.8

/

TI P

32,850

I

34. 750 -

13.77
i .485 ?
1504.0

64.27
14.42:0

0.776

12g9.0
I ,086
464.4
72_. 7

AXIAL FORCE= 3436.8 TA_;G pQR,CE= 4125.-I

22.40q 35.100
J

13.06
1490.6

66.21
1465.S

614.1

2.1.450

I

6.55
2.9552

,1274.8
66.70

132.91
O. I O0

114.3.7
. 1 7O7. ?

O. 999

• 645.5

922.9
53.80
O. 395
I .437
90.8

;;O= 5 i. 9O
28. 750

5 73,5a
14.00

1512. I
50.01
920.2
0.505
665. I

,'iO= 51.90
29. 225.
713.85

9.14
7.49

2.7315
13_1.8

• 0 • 960
13 03.5
06.54

116.50
0.420
956.7

'- 1097. I
0.9_32
_-t9.4
675.0
677.4
45.08
0.391:

• i. i08
380.7

15.10
1538.9
21.24
634.,I
0.341

1055.2

SIA i
DIAi.,: L:IE_,

, AdNoLoS A_EA
PIB
Tfb

EETi
kl
t;,'i I
0_I

Si'A 2 uuOlE,

zuCKE f Ii_LET

37,on0

/. 78
,2. 6290"

1316.1
67.71 t

- 88,96
./

0.591
8ol .8

17oJ. 5

i. 025 :
i 1i3.4

535.o
38.38

O. 359

0.814
693.0

529.6 592.3

TAi;G - '""ruk_z= 4117.3
. 0.797

0.483

£ . • .

EXIT
DI A.4Ei E;(
ANi,_U't,,,,,b" AJ_EA
Pf2
1;S2
PTS2 • -, •

-I £2
"it
352
bdT2
DLUA
k/,.
V2

_,1_2 '
I',2

, CZ2
CU2
Sr_RL

"ZIB
F6A

425.7
AXIAL FOi,Ci= 2959.7

2. 155 I. 233
•. 0.294 0.388

GENERAL SfAog. ._ESULTS
E £ATT=O .904 ETATS =0. 743

9.84
g

i •

|

2 °

4'

• !

°

I

t

.i

r



" STA

/ ' " _ . .... STAOF__
ROOT IPiTCH

0 ,,'_L,ZZL_ IIILET ' _;0:51.90
• ../ DI A,,EIE:_ 21.250 29.275

_. A,J:JULuS AnEA 738.06
.UTI TfU " . 1361.

: " PTu - ' 9.14
RU - 0.527
1PR I_(JZZLE EXIT " WG= 51.90 ,
DI A,1ETE_( 20.500 29.825 39. 150"

' AI_NULbS A_EA _ 873.73
FF (FLO,I rUI_CllO,_) 211.06
PSi 4.60 6.39
PTSI I. 9886 I. 4315
"iSI / ilo3.6 1263. I
ALP_IA 68.40 60.n5
Vl 1702.9 1256.0
_41 I .037 0,734
CZI • 627,0"
CU! 15d3.3 1088.3 : 829.1
ZIN : I .055 I .365 I .538
FC,IA 197.0 I !9.5 59.9
F_T 291.8 333. I 352.2

0 |,UZZLE AXIAL FOt4L;E= 1113.9 TANG FL, RCE= 3106.0
SiA I _b,,,,,-I I';LEf ,'iO='Sl.90

DIA'IEI£_ 20,050 29. 775 39.500
Aa_,rULUS AkEA 909.68
P fu 6.29 "l. 04 8 • 08
TfB 1262.2 1295.2 1341. I
bE3" I 59.43 17.93 .-31.45

,i17 .5 63o. vo3.2
• 0.720 o,368 0.405
._ hi 603.3 _' 896.0 il88.6

S'fA 2 BuCKEI EXIT • WO: 51.90

, DI A,',fEl EH 19. 000 .. 30.145 ,4][: 2S)0
A:¢NOLbS AkEA i055.'47
PT2 4.86
PS2 " 3,,92 4.12 " 4.19
PTS2 2.3313 2.2161 2. 182 I
l'f2 I 193 • 6 / .
"IF . - - 0.960 I
TS2 ii21.8. 1136.6 i 141.2
bFT2 57.67 60,28 64.33
pLeA 117..10 78.21 32.88
Rx 0.533 o.6 7
v2 931.7 808.0 769.6
R2 1352.6 1459.1 1070.1

- , ]vff2 0.1539 0,899 I .027
If'_2 571.7 907. I 1242.5
CZ2 723.4

. CU2 571.2 360.0 /
Si_RL 3___,._30 _,....
MF , 0.449 0.446
ZIB 1.872 ! .020
FBA - 24.2 198.7 308.7

eL'%. FBT " 185.9 230.4 250. I
5UCKE[ AXIAL FORCE= 2214.5 TAf;G FURCE= 2507.8
PSI I .812 O, 770 '-_" 0.423
i'WVO O. 3 i 8 0 _-4b-68-- 0. 658

• • .01

a

/

I

L

TIP

37.300

" 7.18 '
I.2739
i-300.5
52.90

1039.4 •
0.599

262.8

0.445
0.551

:l w

I

J
/

° ,,

• .°

¢

GENERAL STAGE I4[-SULTS
hURK= 49.97 ETA iT:O.904 ETATS=0.733 \

! 985 "
..... , l I l,_,t..... - , _,_..,-.,.-



!I' '|!"

'¸'''

us,Jge : 2.4 c,.u-sec,
off lynn-a as B.303

3.1 ilo-sec, •26.7

on0210>i!.6, o. 0008

-.

¢7
f -

1302400

ly nn 't ss

D[ SC',],,,iL C fSx : rw-( ) oo_o'o 2ow) ^- (ogC ~ )c-

/"

8.351 line 253102/02/70 at

user ld -17601LU;17601
password--

SYSTE/< ?FU_T
**LYilh ]SS ;iILL BE GOING DO;iN

. °

_JI:U UN NEn-PLD DEL
t LU S-IAGE3
, .__,E:ADY

_LIST
L

5 TP5 TUkBuP_OP 3 STAGE TURBINE
I0 0,.021,53.3,3,1922,40.4o
20
30
40
50
60

70
80 3,
90 50
I00 2

I

r

IN 5 _,ilNFIUi,

,'_

1,0,51.:,6b_._7,0,0,0 "75,.9o, IT.vz,.Qs, l,l,vO,_O,1
25.b,29.35,24.7,31.05,24.6,31.3,23.9,32.55
2,0,51._,o8#7,0,Q,0
75,.90,.I,.97,.95,1,I,90.,90,I
23.75,3Z._5,22.o5,34.15,22.a,35.i,21.45,37

0,51._,o897,0,_,0
,.90,.I,._7,.Q5,1,I,_0,9_,I

1.25,37.3,20.5,39.15,2e.05,39.5,19.,41.29

e

]*SeC,

ni)'J $

_i

5 MIll

n. SC con-hrs.

I. 66

!

.°

.. .,

2

i

/

v

!

I

i

ready

i

C.

986
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Ilk) J,,_b -:,o :

IFL

?_.tO

tP-
"btO
3_

P
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.,75_(
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.=,.7h S
,4.-'dl.ii_ srJ I _A£,D O b{3LING-,% --

c_i lER 1".3, r:/A i_ATt O, T4, .4, Pi" I , PCF 1 , bTA DO, ,,lit;2

=I u4_,.O25;229h, 123.d, • 25, . I , luO, .985
"5 CL,L:LA;_Y Tr_i,',P .'lO [!E lrld 5A_,',_ FOR ALL BL,_LE Rn;'iS ?

-.._-=N_ DLL - ,
q

Y_S . • ,-., ,

=i 2,1"3 " '
IS CUbLIdd IFCn!.IoLOOY ILl [;_ :EH,. SA,t,E FORALL _L.,_D_5 ?

---i_]d

S'fSUE, I IICJ}ZLE . ,. ..
I

ENi,-._ _U. bF AIRrCII.S A_iD AXIAL ,IIETH
IF gd oF A.I_FC'ILS=O, SI,LIDITIES _;ILL BE S'.;:T ,_I-IH,

ZJ- 85 A:_D Zt_=l 0

=02., I . 331 . "
5NI Ei( J }',, f;,',C "

=2269;'0,;) S_
E'.IIEi(" " "", LA(, GA TL:..,_,Ir 0 PR.:.IG_A'.{ r,lEL CALCULAYE

• "O ! • - "

i.:l_lEl( L-EV';/L Ur CuULI:_,., r,_.nJOL,.,,_YDESIRED

" COL_S fl...J i C=O. 0_67 }{A/,'.CP=O • 02d3

N= 62 ZI kYC.H =O.'H3 Dr_=21.d8 hT-S= 3.1'7
AX,_;,= 1 33 _1= O. _2= 06.6 :<= 0.050

dd' ;tu='.)! o922 vise= 0.3 i dE-O,1."J[ t_.i S= O IOlE 07 _1:: P= O.,I. 19E 06
"l

_nd= i 23.8

CuuLIi.,J I'Et.;H_tGLC, UY B -C_JfiiiEi,_'[" FiL;4

2_CCP/AGtiO = 0. "/7

,, .:./ /

s.Li,z/ :v-PI

o"

HT-P= I._o"
CPC= n.2561

AVu L;AS PEAK UA5 BbLK COdLIiit;,
IE,.;P h Tu'4P t_ TF_.'P d hFI-LCflVEiIESS

23 I I .:) 2652.3 2200.0 6.279

t

_ p

P= 4.198
AG= 040.2 I

#

COJLI Vo. rLdi,"

I .07-1

I

| - -

L

I

2

i

!
1

• ¢

=

/"_1=112 ZI t-T,Ji-i =0.7_9 DP=2,3.23 I-,T-5= [4. 33 i!T-P= 3.35 P= 3.q92
•,..,,,,X ,';= 1.16. r)l:- ,.0.6 p2 = ob.l ,<= 0.040 CP'C= r_ 2_61 A,J= 132:).o8

,Pa ?','L,=,J.0930 VI 5,,.,-''- O. 3,q")L:--q4
R:_:S .... q.bEbd. (;0 hti P= 0.315t_ 06
,',O=- 12.'}.d , 988 " ,

!
........ ' i ." -!.;.j --__..,...,-.,-.,-.---,',-_. ..... " . ' * ' " :'. - .._ . ". :' ' '



-- "_ J _ U d. L I,-. I.-- "--

"#, ;,d. bF AIi_L;ILS k:_D AXIAL _IILTH .. ..
I,

' ,,1 _ 0 I

_.,_ PEAK GAS r--!,_k, It-o PP, JG_A/.: v,IkL. CALCULATE

-c.',_--,_ EEVEL O_ CuOL!ZIG TdCHr;JLL, GY DESIRED

CU,_S'/AI_I C=0.0:_67 HA/,/CP=0.0615

fl= 90, ZI Vl"2_i =0.435 DP=2d.7") nT-S= 6.05 HT-P= 4.55

AX t;= 1.90 31= 31.2 b2= o3.3 <= 0.n44 CP_= 0.2:561
'-Pfl _,_d=O.0936 vISC= ?).288L-04 , : ..

,_E S = 0.81_,E Oo _lk P= 0.341E 06 .-.
¢i(3= 123,d " .- _ - "

COuLIt,(_ TLCH.ILLOGY B -CU_J_E,,,T FILia

2adCU/AGHU= O.

/

.I

i r

AVU GAS IJLA_ UAS E.ULK COOI.,-,IJT ¢.;QLII_'I,,J
"TE:';.P h ",FL_.{P _ TE;ZP ii #E.'.',P R EF_'ECI'IVE:4ESS

i_7#.8 z237._ 2200.0 1245.0 O.

STAGE' 2 DUCKLT ..

dIi,Eu t_O. bF AIRFSILS AtE) AXIAL ,;!bTtt

:52,2.353
• :ili£_{ TU, .... " ;......,o _ I',.., " "

"-.--=2135,0
£,(IEh PEAK GAS TEt, IP, It- 0 PRJO;-_A,4 ,JILL CALcOLA'rE'
-'0

kl41-ER LEvt:L Lli-' CLFOLIiJG Ta:CH:,uLuU( bESIRED

=(._ 4" , l /

CO,_SI'M/T C=0.0567 HA/,,CP=O.OZoO

.N= 62 Zl "eTCH =0.650 DF=29.23 HT-S= 7.77 tIT-P-= 6.35
AX _'= 2.35 51= 43.3 u2= 06.4 K= 0.040 CPC= 0.2561
Pd Nb=,O.o94d vISC= 0.271E-04 .... .

.,.RE S= 0.702E Oo RE P= 0.341E 06
_IG= 123.8

r

. .

CObLI_;d "EE(:H_LO_Y C+ -CUNCECTIOI,_ PLUS "

2,'_CCP/AGiIG= 0.

AVd GAS PEAK UAS
"I-E:4P _/ "PE;,{t' i_

I b03.2 I 996.4

BULK
TEt4F _

2135.0

COOLANT COOLI NO
]E'aP R EI:PECEI'VEtIESS

! 245,0 O.

• " "" • "1

#

989

t

.t

P= 5.524
AJ= 2635.18

CUULI HC; FL_,

"0.

t

. I

I

P= 6.301

AG= 215o. 14

CDOLII;G FLL]a
•o,t2C
O.

i"

ORIGINAL PAGE iS

OF POOR QUALITY

.

..... . ,. ,:::..k: .....



(

STA

STA

" 'I

f,
ST]_

f-

"0 NOZZLE' INLET

DIAKETER
ANNULUS AREA

TTCI

PTO

_.',[)
IPR h'OZZLE EXIT

D IA:(ETER

A_,IULUS AREA

FF (FLOW FUNCTION)
PSI 31.88
PTSI l ,7844
TSI 1921.0
ALPHA. 61.05
Vl • 1988.9
HI " 0.956
CZl ,
CU1
ZIN
FNA •
FtfY
NOZZLE
I BUCFET INLET
DIM_ETER

Ah_4ULUS AREA
PTB

Ti8

BETI

RI
_,(RI

WI

2 BUCKET EX IT
D IAU,ETE R

AI'EIULUS AREA
PT2
PS2 . '
PTS2 ,

TT2

TF

TS2
BFE 
DL:.3A ,
RX
V2
R2

r;.IR2
I'd2 " -
CZ2
CU2
St'htL

'ZIB
FBA ".
FBT

UC_,,ET
PSI
NIVL-)

STAGE I
ROOT PITCH

tIG= 71.19

25.6 oq 27. 400
154,94

2194,0
56,88
O. 487

: _tO= 71.19
25.300 27.850

223 ,'il
58.62
34.61

1.6435
1957.5
58.66

!851.l
O. 882
962,7

1581.0
O. 888

1349.4
1662.5
TANG, FORCE=

WG= 71.19

25.260 27. 980
239.09

43,09

2061.5
40.26

1153.7
0.548
828.0

IVO= .71.19
24.850 .28.250

: • 301,75
34,46

•30:23 30.49

1.8815. 1.8654
1972.7
0. 960

i 907.4
58.28
98.55
0.233
901 .g

1498.6
0.723
836.0

787.9

438.8.

29.12

I .3.63
51_._

1476.0
TANG FORCE=
1.158. -
0.398

. 1740.4
0.847

1440.5
1618.2

AXIAL FORCE= 3441.0

42.20
2052.7

48.52
1329.0

1903.5"
57.45

Ib5.97
0.I00
932.5

• 1444.3
0.707
735.4

i

498.8

32.34
0.381
I .562
241.9

i392.3
AXIAL FORCE= ,757.0

I .45"3
0 ..355

WURK= 64.03

TIP

29.2OO
i

30.400

36.80

I .5457
1985,3
56,39

1739.2

0.823

1 448.4
0.922

1266.2
1697.4
42 39.4

30,700

44.04
2O71. I

30.84
1025.4
0,483
908 • 5

31.650

30.67

I. 8543

-

1910,1
59.33

90.17

0.332

879.8

1544.4:
0.745
936.7

391.7
26.43
0.380
1.183
795.3

1543.6
5013.5

0.942
0,441

G_NERAL' STAGE RESULTS

ETATI'=O.900 ETATS=O.734
990

• • o

?

\

- L

g

7



i

(

STA

i

STA

,f

(

"_ STA

C"

O NOZZLE iNLET
D IA_E'TER

A KrNULUS AREA

YTO
PTO >

MO

IPR NOZZLE EXIT

DIA'!ETER
ANNULUS AREA
FF (FLOW FUNCTION)

ROOT

24.650

24.300

PSI 16.69
PTS I 2.0641
TSI 1664.7

ALPIIA 69.62
V 1 2090.2

M I I. 076
CZI

CUl 1959.6

Z IN ,O. 807
FIiA : I 102 •7

FNT 1028.2
NOZZLE AXIAL FORCE= ,t705.7
I, 5UCKET IHLET WO=
D IA :i-R 24,150
ANNULUS AREA
PTB 23.59
fTB 1810.0
BETI 61.30
RI 1433. I

1 , o.__733
141 71.4.7
2 BLICKET EX IT
DIM.'ETE._ 23,, 800
A/_,IUI.US AREA
PT2
PS2 14;7_
PTS2 2.33 i 7
"I"1"2

TF 3TS2 " " ,' 162 .3

BET2 " 62.62

DLBA 123.93
RX " 0,I00
V2 1048.8
R2 1623.0
MR2 O. 846
ti2 704.3
CZ2
CU2 " 736.9
Sh'RL 44.64
MF O. 389
ZIB • I .589

q

FBA 127.6
FBT 809.5

BUCKET AXIAL FORCE= 2848.8
PSI I .939
WIVO 0.317

STAGE 2
P V£3_!q

71.i9
28.3-15
332.06 ,
1972.7

34,46
• - O. 387
WG= 71.19

29.!50
444.15

91.76
20,54

i .678_
1747' 3
65.98

17 88. 3
O. 899 "
728_.0
1633'6

O. 928

970.2
1108.0
TAHG FORCE=
71.19

29. 225
465,95

24.69
1826.8
48.01

102.8.6
0.5t6
864.9

WG= 71.19
29.650
544.92

17.92
15.30

2.2527
17tl.7

O. 960
1436.9
63.07

I I1.03
O. 354
952.3

1647.7
O. 855

, 877.5
746,3
591.5
38.40
0.387

487,0
915.9
TANG FORCE=
t _0

• ¢,_,C- %

0.390

WORK= 73.94

.... X ".

G_,IERAL STAGE RESULTS
ETATI=O. 903 ETATS=O. 74 I

991

I •

TIP

32. I O0

<

34. 000

23.16
I .4881
1797. I

62.53
1578.3
0.782

1400.6

I .030
851 .I

1162.9

5373.7

34.300

25.92
i 846.7

28.47
782.8
0.387

i015.1

35. 500

15.59 -
2.2108-

1644.4

64.21
92.69

0.505

895.0

1715.5
0.899

1050.6
k

494,o
33.5O
0.387

- O. 989
853.0
986.8

5358.3

0.868
0.462

i,"1,

f

/

J

r

%

<

¢"

1

i

t



STAOE 3
• . ROUT PITCH

/-_TA 0 I,E)ZZLE IrlLET I'/O=71.19
._" DIA?(ETER 23.650 _9.825
I

7-
T,(

STA

STA

•STA

At#IULUS AREA
Tl'd

PTU
i_IO
IPR UOZZI'__ EXIT

DIA_,ETER

AtC,IULUS AP,EA
FF (FLU;t FUNCTIOtl)
PSI
PTS i _
TSI
ALPHA
V!

-_4I
CZl -
CUI
ZIN
FNA
FNT
NOZZLE AXIAL FORCE=

I bUCKET Ii';LET

(

D IAVETER

At£,/ULUS AREA
PTB
TTB

BETI

RI

_IRI
_'I! , ""
-2 BUCKET EX IT

D I A;.,ETER
AL,ULUS AREA

"PT2

PS2
PTS2 '

TT2'
TF

TS2

BET2
DLUA

RX
V2

R2'

t,iR2

iv2 _
CZ2
CU2
S_IRL
.I,IF

ZIB
FBA
FBT

BUCKET AXIAL
PSI
IVIVI3

23.200

8.11
2.2084
14I"4.,5
6S.71

• 2025. I
I. 126

1887.3
0.937
539.2
604.8

3148.6

TiP

36.000

i 2:73
i. 4072
1576.4

57.45

1366.7
0.720

1152.2
I .290

329.3

578.5::3
1711.7
,17.92

• 0.456
'WG= 71.1 9

30.600 38.000
711.3_,

i64.37
I1.07

I .6182
- 1524.3

62.80
1608.5
0.862
735.3

1430.9
1.144

425.5
476.7 717,
TAI'IO FORCE= 5007.

I_G= 71.19

3
4

23 . 000 30. 700 38. 400
742 .,54

11.94 12.92 14.13
1557.5 1583.7 1617.5
69.30 36.58 0.31

1408.0 868.8 697.7
0 •"/,q._.._.3- O. 465 0. 367

I 6L_0.7 . 908.5 1136.4
110= 71.19

22 . 5 O0 31 . 250 "40.0 O0
859.03

8.93
6.97 7.34 7.49

2.5707 . 2.3915
i D

1393.5
62.15

' 62,46
0.609
926. I

1789.4
i. 002

1183.8

' 398.4
25.48
0.468

.0.829
630.9

584.8
4689.0
0.630

0.535

1368.6

58.68
IIB.93
0,100

!095.6
1608.4
0.909
665,9

708.2
40.27

0.473

1.835
56.0

445.9

FORCE= 3001.2
i .872
0.310

j

• , ._

2 • 442 7
1465.9

O, 960
! 386, I

59.77
96.35
0.448
979.2
1660.5

0.933

924.8

836.0
509.9

31.3B

O. 47_0.._
rT 6
343.0
535.9
TAI,'O FOPCE=
I •Ol 0

0.422

' GENERAL STAGE RESULTS

WORK= 67..77 \STATY=0.902 ETATS=0.721
992

_**] I°_" t I'I'_ r%}'_

................ .,. .....
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{
"" STA

I

STA
I

f
"- STA

. I

U NOZZLE It/LET
D IA_EI-E.R
A t,%'ULUS AREA
TTO
PTO "
?..!O
IPR HOZZLE EXIT

D I At._EIER
AN_IULUS AREA
FF ( FLOil

PSI
PTS 1

TS1
ALPHA

VI

'MI

CZl

CUI

Z IN
FNA
FNT
NOZZLE AXIAL FORCE=
I 5UCL'ET IHLET

DIA'IETER
ANHULUS AREA
PTB

x

"rlB
BETI
RI

MR I
ill

2 EUCKET EXIT

D I A'.!ET[-R
AI_IULUS AREA .
PT2
PS2
PTS2
TT2
TF
TS2
BET2
DLBA I

RX

V2

R2 _,

MR2
W2
CZ2
CU2
"SWRL

MF

ZIB
FBA

FBT
.BUCKET AXIAL
PSI
NIVO

WORK= 43.13

----CUT IIERE----

ROOT

22.400

22 •000

FU_:CTIDN)
4;84

1. 8435
1260.4
62.11

1663.2
0.976

1470.0

1.198
184.7

317.3

21.800

6.42
1354.6

47.92

1129.5

21.150

_4.44

2. 0094

1238. i
46.00
93.93
O. IOO
903.7

1242.6
0.735
625.9

268.0,
17.25

O.511
2.068

13.6

203.8

1239.8
ilO= 711.1 9

32,575
1062. II

7,20

1391.5

3.5.4
758.4

0.430

955.2
I/G= 71.19

32.925

1217.97

5.36
4.49

I.9896

1305.5
0. 960.

1241,2
53.03

56.57

0.453
880.1

1435.1
O. 848
974.4
863. I
172.2

'II.28

1 .O06
I73.6
238.9

STAGE 4
P ITCH

NO= 71.19

31.425
890'. 99

1465.9
8.93

0.521
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10.4.2 Turboprop Installation Design Weight and Cost Estimates

The turboprop installation follows the design defined

in Task I, section 5.6. Tbe_@erodynamic flow lines from the

propeller move in a curved path over and under the wing and

the engine exhaust is discharged below the wing. The pylon

supports the propeller at the reduction gear box and the

nacelle is supported by and integrated with the pylon.

Figure 5.6.1 shows the basic layout.

The various propeller-engine combinations studied

maintain the basic ratio of the distance between propeller

and wing at .75 xpropeller diameter. Maximum

pylon radius at the top and sides is equal to .35 x propeller

radius. At the bottom the pylon covers the engine and its

accessories and is thus i_fluenced by these radial dimensions

and the radial offset for th @ reduction gear box. A

tabulation of the significant installation dimensions for

the various Task II turboprop installations studied are

listed in Table 10.4.2.1. The weight and price estimates

are listed in Table i0.4.2.2_
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10.4.3 _ Engine Mechanical Desig n

The Task II turboprop mechanical design effort was

principally to evaluate the direction to take in refining

the Task I engine and to design the variable boost engine.

For the fixed boost engine, the engine arrangement

was the same as the Task I engine. The Task II engine

cross-section is shown in Figure 10.4.3-1. This engine

arrangement is described in more detail in section 5.4.4

for the Task I engine. No engine cross-section drawing

was done for the variable boost engine.

The turboprop engines are briefly defined by the

following table:

Turboprop Definition - W2C - 68.4

Identification TPSA TP5B TP6

LPT - Stages 4 3% 4
LPT exit area - in 2 1052 1052 1223

LP shaft max. RPM 6150 7220 6783

AN 2 x 10 -9 .97 1.09 .97

Booster - Stages 3 3

Tip Speed, fps 1260 1260

Booster r/{ .81 .734

Booster W 2 159 159

Booster P/P 2.75 2.75

4 (var'ble boost)

1205

.717

186.9

3.43

Weight w/10% adder - Ibs 3394 3434 3733

Cost - % 100. 98. 106.

=

Weights - See Table 10.4.3-1.

Core weights are the same as baseline : except for

the variable boost engine (TP6) which used the USTEDLEC

Task I 4-U core weight. 4-U was also a variable boost engine

that operates at higher rpm.
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The LPT weights were from the two new (rotor and stator)

computer programs just completed. These programs are based

on correlation with actual hardware weights for TP34, CF6-6D,

FI01, Jl01 and T64.

The booster weights came from the weight analyses done

during the USTEDLEC Task I weight review. These were based

on inlet/outlet flow area average, a r/r correlation, and

stage number. A small correction was made to account for

different rim speeds.

All other weights were based on Task I techniques of

calculation.

Costs

The manufacturing cost of each of the engines used

the same formulas as used in Task I and further re_ined for

Task II.

Maintenance Costs

The cost of replacement parts were based on the same

cost ratios as were used in the baseline turbofans. That

is, where a component such as an LPT rotor had to be broken

down into biading costs and rotor costs, the baseline

turbofan ratio of blading cost relative to total rotor cost

was used to obtain the turboprop blading cost.

The replacement factors recommended are for turbofans,

except for booster rotor blading. Booster rotor blading

2.5

replacement factor was adjusted for Uti P from a G.E.

erosion correlation.

Originally it was hoped to show more differences

due to erosion

between turbofans and turboprops based on the smaller

1006
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physical size and the potentially cleaner air because of

the higher inlet. But as is illustrated in Table 10.4.3-2,

there are too many unquantifiable factors so no meaningful

difference is logical, at least without considerable more

data and study.

Figure 10.4.3-2 was generated to try to evaluate the

cleaner (because higher) inlet air available to a turboprop.

The figure is based on a turbofan tip-to-ground clearance

of 50" which is the DCI0 wing engine value. Actually, in

the size engine used here, 50" is probably a high value,

because our mission aircraft Is smaller than a DCI0.

Then the turboprop and turbofan installations are

superimposed in Figure 10.4.3,2 using the same winq height.

The results are:

• TP inlet is 10 inches higher than the TF

o Prop clearance is 35" (Hamilton Standard wants• 60")

• A top inlet in the turboprop is N72 in. higher than a TF

• To obtain 60 in. propeller clearance requires N25 in.

longer landing gear or some other aircraft change.

Table 10.4.3-3 simply illustrates the differing

quantity of blades and vanes in the LPT of the three

turboprops.

• 1007



CO I

LLJ

r_

I-
uJI L_.

!

.-J

_ ¢,3
b:a

w

i ..j

U LW

LJ

C_

LLJ

0

0

F--

/

LAW
Z

g

,lip

II

0

w

0
o.

t_J

t_J

0
n

I

0

i i I

I008 ]
T



.i

J

i

-o

°
9o-

..:'.
, .°•

• °

-:
• • .

om

.

•l

.•

.° .,_

• • ° .
• . ° •

o° . ..

• °

• • . ,•°

• , o

o

r
! i

/



V.,,

! 135

i

55-

i

331'

1
373,

II



LOI]

,.._0
q

,¢

i
I
I

V

V

I
!
!

__._. '

o/
°

F

i
!

I
!?,

o !
I
I

7,
!

" I
I

I
i

• !
I

I

i
!
i
1

I
i
I
I
i
I

i
t

I
i
i
!

i

1
!

I
I
I
i
f

/._,X_ .%-,X_._.-:_ ,-G._ _._ ,,-.,._......



|

°

I AfgLC /0. 4. _"-_

' 1

VAJ ,,/U ".-_ E, z,_

o

I

I
,'/-.,o_':_...-_t ,._-_x

.°

' I ..., i I

o, •

i

. .".

"J _- I

, i

• . •

i(;i_..

!*.q

711

I_'$I
I
I

I
tol!

a.'_ I
II,

1&-

I

2,LEZ
d_go ,

I

_3S7

i i
1 !

'f-P_ b •

4: O.
!

i

! i1
i '
I I
i 1
i v

Io.7
_8 .,,

/z_,&
z c_% ?

l

!

I t
: t

,_D ! ;
!

i
i

!

I

i
I

i

'1
i
I

, 1

, !
!

|
I

I

I I

!

I

i



• xx:x

I
i.

I

, /,, ,_':,-;e,_:

r_i-. p,-<_lo--.l_,<=.__.;4k.-,

1013

£_ t __ L.i-/-_-, _'l., _'S" ,

1
1



G_

© _ e,.,B,

i_-...i:,_ _ -eL

£) " (,"P,..o¢__,to,..

}

S, 2:< /e=,, . _8' 7.

_..0__r.,J,_.!_1_--4fo,-,_,.,(-^j,e,

I

2 _

y.,,lle¢

!
/

. t- a..:_r,,e'_,4

O_-_ _" _ cO-- _v'o
}

@
_v_ 6", 3,2---

_,£-Co,....,,.,. , 2..

_S

I
i

i ,

",d

! .._

1014



i i

i _._L_

i

!
i
!

1

i

I

i

__,_&_._,.,._ ,_ i ,.._L,__r_l".

] 1

i

- I} i

,_ -T_ \ e _o._.l-_°__-_k_ -u_

%._.s-,_..,_4 ;v-, @o

i

,d .f? _

r - C -_J'-,

I
i

1

t



_to_ -- 4,bt

!

#

"_oc * fko__

1016



(

i

D'r. zt,?3
T

l----ra q e_._o
mr, C_.

5c-_e

s l:"C ,¢z,4

l._J('.

la)_.-

I P,..,,?

' ::t:'n:,A./J,L

............ I J

i l
v 1

D_,._m,_ I- __m,*<_

"-5 Z&7

q---Tg,3

!

i
I

i

1,7.4

I

i

g, ,_e_,M,Jt

I, il

i

i

I

I

l 1 i i I i, l t i
CCe.lect,, i r,n, ss,o,-,

f,o _,+-c.,.';7" _ - . I_",e-I_,tS._,._

i iI
/3izo

t
I

t
3/.,,3o

t

,5!_,sq
1

. _zD
i

!
loll7

t

t

I

I_k3o
.--: .... 7 _ _

i

,4_t,I

_i2,7

I

I
i

_i

1

-5-/o30

l

_7>1c_

13_1

_z¢,6

zoT,_

_-t: <,,t
d<,<,l

I

l_Ce_
i

I

l
t

I

I
I

i

I

t

I

I
I

i

i

.........

l

1017

!

I

, i ---

i
i

i
I

Ii I

|

i" " ,

i



d

t _

(

_--r4

- S_-c

i
, _O{-
I

_ (2e.,,"

::_nd,.ll, L

14!/FI _,-.,.,_

_Z:_I

I

i

I,(

' i
,._167 " , ,6'Z..6

q&o , logo

I0_7--

T

/ r__J4_;

-i
!

, i
I

I

iI
1018

!

: I
I

._ _ I,L

!

Y

-- ____=I Z l

I
!

I
t

I

i

11 o_S

'blO

13to

1

i



,(
\

.(

.... ! ........ • ,- + "i ,

1I I

_"rJ

l=-e__,÷o

qB "40

I0

36 39 t

/tl _0 1,

3313

7z.C7

lu.;_

IP, op

__ n

i 'q._t

1
i

411FI 14.<>....-

o,I
, C 6o[_-

i

!
i i

l '

,zq -72,3

i

I
I

I

i

!

t

I

I,l

i
!

,eO

I

I
_3'2- i

tl •

i, i_ _ :

; i

I

i

i .

i

!

,_Z_.

i

Io] 17

I-cic/;
i

743

I6_ o

t

I

..... I

1019 I

I

I

i I b 2.-

i

i i $_---_

' i

• I

1"3 ,7 •

2.1Z,'7

138_

ogZg

ll_&

_IO

i

13G

_o7,4

k

i

I I

' 5 "2, I 0 ,,'_



C

f

f'" :

"x

4.

#.

°

----- ]" •
'................ I I

I i i ! ' '• I J

PT i--

f

' I

I

!
i

a

L

! D_,<,_ 9,_c
US,, c_ --/'__L_..,,

i
,,I

• .,T

[
I

, ,, .-.

i
I,:Zzl

i

I

!

.917}U

7

I

i

L_I3

I

io_TZ

!.

i
I

13_I

i
i

1020

I
J
i
i

' II

-J i ,
I

; : | i

i 2_r ! i

!

I

i
I

!

I

1
i

--a : --.

I

I0 I0



\.

[----1
t
I

I

" t

1
I
)

I
t

J

; '5cM¢

:_-_÷o _

i tot-.
" _ _,_% I_

(4.)_,

P_p

i

', "it ! FI t,l ....

i

I

i

t
t

i

t

t
t

I
I

I

I

I

i

SS'_,q

1

i

!
" t

1

i

I

!

i
i

,w . "

I

i

I

J

I"L Go

/9oe

k,4_l I

i

I )
I !

t

i

i
i

:1021

t
t

1

I
I



+

t

I !

t

I I
' JA,.." _!

_': _ , .-. _ -
+ _ I , i i -

i J 1

_-e.._÷o ,"

bJ(-" .
£ "_r-"_-

i I,..U,P.

! R..._p _

i 'aJ/:
:Z::n,.-7J/, L

-;n,:.<.<.._,
I C_>,i_"'J

I
t

Px.r'_=_,-_)_. _._>_v,,r-<-<,r

i

i

i

t

t

2Iq_;
o

I

,_ !zZl

14;7o

17_7

i
1

t

i

I
t
!

i

I
I

I

_,c,4. ? i.
1

Z 4 _,/-/

.... i ,

i

4_7.4

t

I

I

1G¢75

1_6o

I

• ÷ -- _ f^L-¢Z__:! _Jd.h

I-_Z£7L_z.>--
OLH: 0,/
_ _<_d_..,..-

I

, __:...... :

t •
i

t

i

t :

i _

I' i
I 1

i ,

i 1022 i

t I
i
I! ,

w

i

: =._



(

I"

(
k

- 't __1 / L r-

: ; i i

" ............... _' 1 -i ,! i i ............i _ I

!

I
I

z..PJ-
t

!

!
I ,
I

I
I
I

i :

I

I

i

I
i
I

i
t

I

__. 4;0 _,_,_--_::_'
I

i

l

,41%

i ;° I
i !

i

I ,

t

I

w,ir _- --

I t.Ot-.

! P,..¢,p, .....

Gee.,,
l

' _,_I4,.1/
t

iT>_P ,.

l

t i
tzt 7o i4: ¢..o

i
l

i
i
I

l
l

i
I

s

i
I
f

l
i

i

ld_6+
t

i

i

346, 7_

I
i

i

I
i

l
t

m

I

I
I

i
i

I
i

I

i
!
i

1lo7_3

O.Jt o,¢

r •i, t
i

i
t

1
i
i

i

!

'i ,, v. 1 [

i i '
w:

1023

!
1
i

i ,,.I

"z-4_t,D

I

I

I

i
I



(

f

: f t t<_.. 1 1

! " " : I__ ,

l_ i!........, ':! i _ !
D_,_-_,_ -_ -._m'"h :-_:_:l_ ........

,6a_f

i 5c_-1¢

I .-°. q_r

, , _ -,-

!_t-.

R.oP

I

i Ge_.,,

t
, Coil"_

i ;or_.
I

I
I

, i

?

! ,_q

Z_3_7_O
I

%%_7 !

1

i I

I

!

1

Z__,_ i

--T 1

i

1

i

! ,

i t

!

! ,

i
1

, ,6z_
I

! I
lO_. 7

Io Io

_,_
_. =-.

i

i

[

/3C

m o:7.U

I

:--_/FI flo,__..

i 'I
I

i

I

I t

i i i
I I ,

! .

! , i

!

1024

I

i

r



!

1025

I

i ,

i

m

t

t

1

i



-i-
, i

[NGI NE DF.SIG_;ATIOtr:TP5B

,_;C),OF EHGI.,F_: 4

FAN ROT .BLADES-
FA!C ROT D I SC---
FAN FRA'!F:g STAT-

IB[]OS ROT E_LAP.F:S
BOOS RF)T I)ISC--

BOgS STAT VA!CES

I_OOS STAT CASE-

HPT E_LAD_S .....

" HPT VAI_ES ......

!!PT D ISC"

HPT CASE
COL{5 U,-3TOP.......

HPC _[A,_')F-S.....

, HPC VAHES
llPC DI SC
},PC CASI :_IO.....
GEAR SET .......

GEAR LU:3E &
COgL ING SYSTF_.';-
LPT STAT VA!,'ES-

,_ LPT STAT CASE--I.PT ROT BI.AD'2S-
I.PT ROT DISC---
TU_5 FRAUE------

C PJ',<_._ISC. ......

o

TOTAL

DESIGN

t,'_AIN 1hNANUh CUb1 UALCULATION
J

S:IZE . •

TYPE:DOB'ESTIC "

PART

INDEX

O.
O.

I. I00
O. O5O

O. 20b
O. O5O

4. COO

6. I00
O. 600
O, 4O0
2. 000
3. I00
0. 300
O. 150
O. I00

O.

t •

0.250
O. 203
O. 70O
O. 050
O. !00
O. 300
2. 000
O. 200

O,

O.
O,

t "

• PAGE !

. • . .

I

RANGE: 700 i,IILES
. -° #

7

P

.

r,

I

, /
../

1026

/

,/



,
0

ENGI !C?.

_( NO, OF
- ",._..

FAN ROT BLADES-

FAN ROT O ISC---
FAN FRA.;(E RSTA--

I
BOOS .ROT bLADES

BOOS ROT DISC--
BOOS STAT&VANES

" .BOOS STAT CASE-
"- HPT BLADES .....

tiPT VAUES ......

HPT DISC

j HPT. CASE
CO_,'BUSTgP

HPC BLADES .....

HPC VAh'HS

tlPC. DISC .......
HPC CASIVG .....
GEAR SET .......

-5 GEAR LUi_E &
C{-]r]LI!.IGSYSTE?,i-

" LPT SIAT VMIES-

' LPT STAT CASE -.=
i"

_',_ LPT R3T BLADES-
LPT RDT DISC---
TURB F'RA?,'E .....

C&A &},;ISC.......

I

1,fAI NTE t_ANCE

i

r-_ fD::_ IGLATIr]II:TP5B
EF!G I."4ES z 4

COST CALCULATION

I*,'LI SS I OI'l SIZE
b

T *

TYPE. DDt.:E STI C

w- !

• t
TOTAL

I

TO'I:AL COST PER
FLIGHT/., HOUR, S

-- ,. ........
" 12.44

RANOEz

PAT CST

/FL" HR
.0,

O.
O.

.0.07

0.01
0.02

o.o!
I .88
3.04

0.24
0. I1
1.47

0.32
0,04
0.07

0._04
O.

:" O.

0,09
0.04

, 0.29
0.02

O.04

0.47
0.34

0.03

O.

O.

O.

8.70

.. PAGE

o

• o

7OO

2

}._I[,ES

LAB CST

/FL HR
O.

O.P,

O.

0.03

O. O0

0.01
O. O0

O.BI

1,31

0.10
0.05

0.63

0.14
0,02
0.03
0.02

O.

. " .

0.04
0.03
0.12
0.01
0.02
0.20
0.1,5
0,01
O.
O.
O.

TOT CST
/FL HR

0."

O,
,

O.
O. 09

0,01
0,03

O. 02
2.68
4.37

0.34
0.16
2.10
0.46
0.05

O.i 0
O.Q6
O.

, .1

J 0_.

0.13
0.09

0.41

0.03

0.06
0.67
0.52

0.04
O.
O.
O.

12,44'

1027



_r

!

_IAINI,.,,A._;E'-'....." COST CM.CULATI uIl

.

" " DESIGN SIZe.

D'-:S IGi_A] IC;_;z ]'P6 . ....
_' t.:E;IdI.L.S: 4 ".tYpE:Du::IES]IC

£O _ ,:,L

PAR'/
I NuEX,
"0,

O.

O.

r. loo
0.050
O. c.O0

0.05,n

4. OOO
B. lOO
O. o00
0.400

.

2.000 ,t

3, lOO 1

0.300 lO. 150
O. t O0
O.

O,
0.250

O. 200

DO- #'_/:,0

0.050
0, I00
O. 30O

' 2. 000
0.200
Oo I

i
O,
O. "

PAOd I

700 ,,;I[E5

• _;
......... : .... __'.._,..7_

p-

9 ,
%

1
.-

/

//

/"

//
/

1028

_"',' : PAGE IS

OF p_DR QUALITY



Edd I;_L
,,d t0. UV

r

C

FAI_

." MAIIITEHA._CF

DES I GdAi t, ,'"t. _., TP6
IE.i31 h'FS : : 4

°.

• . f: •

_{.Jf BI.ADi:S-

FAa "_bf DISC---

FAr_ Fk A,.:E&STA--

• :.BOOS iidT _LADL5
BObS huT DISC--

BOuS SI A f_. v A.JES
v

BOriS SEAl CASE-

" tiP';,' , ...... _".._L P, lJ _" ,T,).....

tIPi ' ; :"
HPf DIbC .......

HPT CASE

CO,.iBu.'"i'Dd ......

" HPL: LtL.k!)L':S ....

ltPC V/,,i;S

HPJ DI 5C .......
• " % .- ,

ttP_ C,,:._ I ,_ .....
GEA:q SET

GE A.:i LuJu
CUuLl ;_d .';YSTEt,:-
LPT STAT v',C;_S-
_r,l S] AT CAS=:--
"_P f _¢G'f _LA[)E.S-"
LPi .LT i)ISC---
TU.gB f-_iA:.IE .....
C_,^&:,'!SC .......

FLIGHT _gLiii, S

COST CALCUE_TI uN

_II5SIO:, SI/,I"

• \
I

fYr DuPe;/S'iIC ................

TOIAL

TCIfAL COST PE[_

X J,z6 = t4Z.G

"I
y

RANGE:

I'Ai"CS'f

IFL HR

O.

O.

O.

o.mi
0".01

O. 03

0.01

I . 7'1
2.83

O. 22

0.10
I.36

0.30

0.03

O. 06

O. 04
0."

• o •

. *"

0. II
O. Od
0.35

O. 03

O. OZ

:0.44
O. 34
O. 03

O.

O.
O.

8,;23

/F L H_
O.

O.

O.

0.04
0.00

O.nl :
O.nl
0.75
I ,22
0.,10
0.04

0.13

.O.Ol
0.n3
0.02
O_

.o,
O. 05

O. 03
"0.15

O.el
0;02-
0.19
O. 14

0,01
O.

. f

O.

PAGE. 2
i

o-

• _'o ,

., •

700 _,_]LE5

LAB CSI" TOT CST
/t-L -H}i

,i

, O,

O, ,

. _"

0.12
O. 02
O. 04
0.02

2.49

4.05
0.32
0.14

i_94-
0.43 :"
O. 05

O. 09
O. O5

O,

o.f15
0.11
0.50

0.0,1
O. 06
0.62

O.4d
O. 04
O.

O.
O;

, 3.53 II .76

1029 ORIGINAL PAGE IS

OF POOR QUALITY





i

I
I

!
J

S_o_

t.AJ+

A_,- -k

<5_-c

_cov_

i

__<z5

z13 _9

-7L,%

oq-
Z_

(_]l\

z_ ._%

1031

+I,

¢. I-',.o p

;._o÷

LDI"

_3

p_G

3

,_,_7

-',68

w ,z

-] II,_

-+_,,_

I

"1_ ,9o [

l
I

t
I

I
I
I

I



f

I
I

I
I

I
r

1,1_

I,_3

i

1



J



(

.

/z_s

t l.._M

i
!_1 j

1
:.71-'17 ,"l_4"_

-/., IZ'i --.I]_
o

I

-9._.7 -g.-): I

,Zil4 . z._i't

I
/

,_oI,_} , C_ !LI
I

I

t-
?-3,3 i,%?_3

'1,'_2 ,, _._ I_ ,

i t

Jr
_ _ .___, .__

_e... I _o. I

-i ,-7_ I _,_ _."z

9__1"_l-,_k T i, ;_z_i

-.lq3 .o_ .o%,

I
-_t,ii -b,?_l _4,11

-2_,,'_, -q,,Z -2/.,,7
I ' , .,I 1

I

-._.o_ ._do _o3

.,:,,;. ....

Ate'4

1
I 1034

I
I
I
I

t.T

-,2Z

,_L,I

-%8

. _3ti

,&l !

._5

-.o&_

_-1,_7

/,=,,z_l



't

_laJ

_.Jl.

"3

3111

i

to/Z>_ g'¢
Za,,_

t

_ t.o4 i

j l,,x_i-

-_.tt

!

i

-t,.'7;I

, _ gc._;•
!

-2, .Tq_.

7'C_31 '7 I 7

k!

i
i

I

ict

_J_--<> T PC

T'?" l-i,._
1,4_,_,_i,4¢4,

I' "_'_ I-Z,3¢
• !

-_4, I!-7,_?
1 1

t,?'-i"1 -3.c_
I

] :,o_,<,', Zg,S'}o

4-,"z I- I,_'g

i

_-4, Ii !-Ct,_7
I .

, ?_c.g ,3.$1,.¢

- I ._/'0C i

i

1035



I

I

,,....__- •.

.

P°�i

ti<./J. I

I
P

roGO

I C_

I036

|

I

!,17

I
I
I

I
I
i

i_,_



(
10.6.2

$,

Final Adlustments

In calculation of final installed engine performance

for the CDR a small difference in Max. Climb thrust and

80% Mx. Cruise was found relative to the values used in

the mission corrections. It was that the final installed

thrust was _.3% higher and the SFC _.2% better than used.

This shift is essentially the same for all the turboprops.

This difference in performance does not affect the

comparison between turboprops but increases the advantage

of the turboprop over the turbofan.

f
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10.7 Effect of Aircraft Accessory Power and Air Bleed Extraction

on Turboprop Evaluation

This study was performed to determine if the advantage

of the turboprop relative to the turbofan would be affected

by sizing both engines for continuous aircraft accessory

power and bleed. The engine cycles were determined by

adjusting the base turbofan and turboprop cycles with

influence Coefficients to account for power and bleed extraction.

The base turbofan cycle is attached along with the

influence coefficients used. The data presented in the

"Basic Turboprop" section is applicable.

For a four engine, 200 passenger domestic aircraft

the following average requirements were assumed at cruise.

WB/Engine = 1.28#/sec interstage compressor air bleed

HP/Engine = 160 SHP extraction

Scaling these requirements into the 68.4 #/sec engine

size results in the following:

Turbofan Turboprop

WB 3.01 #/s 3.46 #/s

HP 376 432

Applying the influence coefficients the following

performance is found:

W2C/8/6 = 68.4 ib/sec

FnI35K/.8/+I8 MxCI 7516 8841

SFCI35K/.8/0 .65 (.612) .564 (.524)

(No aircraft accessories)

Evaluation of these engines was made in the manner

presented in the "Engine Evaluation Section". The results

(Fig. 16.7-1) are attached and show that the turboprop

advantage is reduced by a small amount.
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10.8 NOISE

.J
zo.8.l  ENE L

Noise estimates for the turbo/prop configuration were made for

the core engine only. The prop noise component in flight was sup-

plied by Hamilton-Standard Co. The overall system noise levels were

estimated for two aircraft applications_ a domestic transcontinental

aircraft and an intercontinental aircraft.

The component noise levels, including core, Jet and turbine,

were estimated using seml-emplrical prediction techniques explained

in the following section.

10.8.2 COMPONENT NOISE PREDICTION TECHNIQUES

10.8.2.1 JET NOISE

Static Jet noise estimates were based on scale model conical

nozzle data scaled to the appropriate size.

10.8.2.2 CORE NOISE

The static core noise was estimated using a semi-empirlcal

prediction technique base on measured engine data. The correlation

used in shown in Figure 10.8.1.

10.8.2.3 TURBINE NOISE

Turbine noise levels were estimated using the prediction

technique shown in Figure 10.8.2. The levels were corrected for

blade passing frequency of the dominant stage.

10.8.3 STATIC-TO-FLIGHT EXTRAPOLATION PROCEDURES

I

10.8.3.1 JET RELATIVE VELOCITY EFFECTS

The source reduction due to forward flight on the Jet com-

ponent was accounted for assuming no reduction in the forward quadrant

and a 60 iogV_L/vzr] relationship in the aft quadrant. The particular
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assumptions were based on Bertin Aerotrain data for a single conical

nozzle configuration.

(

i0.8.3.2 DYNAMIC EFFECT

The effect of forward flight on all components was accounted

for by applying a hO logkl_m_._ 2 correction factor, -e._ne to as

dynamic effect. This correction term wis indicated by theory and

supported by analysis of staticnto-fli_ht data comparisons for varying

i0.8.3.3 DISTANCE CORRECTION FACTORS

Decay rates as a function of distance were calculated assuming

a typical spectrum shape, depending on the type of source (i.e. - Jet,

core, turbine). The results, indicated below, were used to extrapolate

the static 200' sideline levels to the appropriate acoustic ranges for

both takeoff and approach.

Source

Jet

Decay Rate (APNL Basis) "

R

2_ LOg_

Core

Turbine

25 Log Rl//

#" R 2

30 Log R1 /

i0.8.3.4 CERTIFICATION GROUND

The prediction techniques used to obtain the static engine

noise levels were based on data measured over a hard surface, not

typical of a ground surface used during flight noise certification

testing. To account for the difference between the two types of

surfaces, the following corrections, based on data, were applied:

APNL Correction

Source _Statlc-to-flight)

Jet -0.5

Core -0.5

Turbine -1.5
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10.8.h FLIGHT NOISE ESTIMATES

Flight noise level estimates were obtained using the procedure

detailed in $ 10.8.3. The in flight noise prop noise component was

supplied by Hamilton-Standard. The resultant component levels for

the domestic transcontinental aircraft, at takeoff and approach,

are shown in Figures 10.8.3 and lO.8. h. No acoustic treatment was

incorporated into the design since the overall system levels were

below FAR36 (1969)-10 at approach. The takeoff overall level is con-

trolled by prop noise, thus making reduction of core component noise

levels ineffective. A summary chart for both aircraft is shown in

Table 10.8 - I.

/ •Figure 10.8. shows a comparison of the turbo prop powered air-

craft and the STEDLEC baseline overall noise levels at takeoff and

approach. The turbo prop is significantly noisier at takeoff, due

to the prop noise component while the level at approach is comparable

to the STEDLEC baseline. The high level of the turbo prop at takeoff

would be extremely difficult to reduce_to the prop noise component,

thus making the tur___prop less attractive than the turbofan from an

acoustic point of view.

(
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TABLE I0,8__ !

SUMMARY OF TURBO-PROP NOISE LEVELS (EPNL)

z"

TRANS.

(TOGW = 225,000 LB)

TAKEOFF FAR36(1969)-IO_=_ APPROACH FAR36(1969)-10

93 91 93.7 95.2

INTER. _-,,..,,-,.,..t.v,,,,

(TOGW = 325,000 LB) 95.5 93.6 9h.8 96.2
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Alt

M

P

W

cYcL NOMENCLATU 

T

DELTO

ETAR

)

FNG MX

SFC MX

FNG-PM

SFC-PM

PCNF

NF

ECNF*

ETAF

Q

ETAIC

PCNG

NG

PCNG*

WFM

ETABM

TFFC

NRT4

Altitude, ft

Mach Number

Pressure, Psia

Flow, ib/sec

Temperature, OR

To-Tstd day

Ram Recovery

Bypass Ratio

Fully Mixed Net Thrust, lbs

Specific Fuel Consumption Based on FNG MX ibm/hr/ib

Partially Mixed Net Thrust, ibs

Specific Fuel Consumption Based on FNG PM

Fan Physical Speed, %

Fan Physical Speed, RPM

Fan Corrected Speed

Fan Tip Adiabatic Efficiency

Dynamic Pressure

Fan Hub + Booster Adiabatic Efficiency

Core Physical Speed, %

Core Physical Speed, RPM

Core Corrected Speed, %

Fuel Flow, ib/hr

Burner Efficiency

HP Turbine Flow Function

HP Turbine Corrected Speed

*Indicates a corrected flow
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C

(

Dtl/T4

TFF2TC

N/RT54

DH/T54

V

CF-

AE

CV

FGG-MX

FD

FGG-PM

PC-MX

MFI2 CYCLE NOMENCLATURE (Cont.)

HP Turbine Energy Function

LP Turbine Flow Function

LP Turbine Corrected Speed

LP Turbine Energy Function

Velocity, ft/sec

Flow Coefficient

Effective Area, in 2

Velocity Coefficient

Mixed Gross Thrust, ib

Ram Drag

Partial Mixed Gross Thrust, ib

Mixing Effectiveness

.
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• ____r _

• NOMENCLATURE

CoversAsymbols in text, curves and tables of Tasks I, II and III

Sections.

DHL Inlet highlight diameter, meters (feet)

DMax Nacelle Maximum diameter, meters (feet)

DT

G
Fn

Fan tip diameter, meters (feet)

Net Thrust, newtons (ibs)

Fm

L

Installed net thrust (net thrust-drag), newtons (ibs)

Inlet Length, meters (feet)

MxCl Maximum climb rating

MxCr

NB

Maximum cruise rating

No. of fan blades

P/P Pressure ratio

T4 Turbine rotor inlet temperature, °C (oF) or

OK (OR) absolute

W C Turbine cooling flow, kg/sec (ib/sec)

W2C Core compressor flow, kg/sec (ib/sec)

V 9 Primary jet velocity, meters/sec (ft/sec)

V29 Fan jet velocity, meters/sec (ft/Sec)

PAX

WEI

Passenger

Weight of installed engine, kg (ibs)

SFC I

PI

Installed Specific Fuel Consumption, kg/newton-hr

(Ib/ib-hr)

Replacement Parts Cost Ratio

New Parts

Ni76XB Advanced Directional Solidified Nickel alloy

TIO Take-off

wf Fuel Flow, Kg/sec (ib/hr)

"
Corrected Tip Speed, meters/sec (feet/sec)
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T

rH

rT

UH

cu' 

MA754

MARM509

NOMENCLATURE (Cont.)
w

Hub Radius, meters (feet)

Tip Radius, meters (feet) ""

Corrected hub speed - corrected to booster rotor
inlet conditions, meters/sec (ft/sec)

. - =

Clearance _ ,_.

Blade H%ight " -

Mean loading of turbine stage

Dispersion Strengthened Alloy

High Temperature Nickel alloy

f_
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